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THE FATE OF VETRAZIN® (CYROMAZINE) DURING 
WOOLSCOURING AND ITS EFFECTS ON THE AQUATIC ENVIRONMENT 
by P.W. Robinson 
A number of ectoparasiticides are used on sheep to protect the animals from ill health associated 
with infestations of lice and the effects of fly-strike. Most of the compounds currently in use are 
organophosphate- or pyrethroid-based and have been used for 15-20 years, or more. In more recent 
times, as with other pest control strategies, there has been a tendency to introduce 'newer' 
pesticides, principally in the form of insect growth regulators (IGRs). Vetrazin® was the first IGR-
based compound to be registered for use as an ectoparasiticide in Australia and New Zealand. The 
active ingredient of Vetrazin® is cyromazine, a triazine-based compound. Prior to the introduction of 
Vetrazin®, and indeed more recently with other 'new' pesticides, little was, or is known regarding 
the fate of these compounds during woolscouring. Additionally, given the present practice for 
woolscours to discharge their aqueous effluents to the aquatic environment, little was, or is known 
regarding their effects on these receiving waters. 
In addition, cyromazine is a chemically 'unique' compound, apparently possessing chemical and 
environmental stability, as well as being highly polar. This uniqueness required the development of 
specialised techniques for its analysis. Its environmental stability and polarity also suggested that it 
could become a significant aquatic contaminant, certainly in localised situations. 
This thesis outlines the development of a clean-up method for the analysis of cyromazine residues in 
woolscouring waste waters and on greasy (shorn) and scoured wool. A clean-up method using 
Extract-Clean lld ion-exchange cartridges and analysis by both gas chromatography with nitorgen-
phosphorus detector (GCINPD) and gas chromatography/mass spectrometry (GC/MS) is described. 
The fate of cyromazine residues during the scouring of greasy wool was investigated by both 
laboratory and industrial pilot plant trials. Cyromazine was shown to be readily removed in the first 
three scouring bowls of a woolscour. A simple model is described that can be used to predict 
cyromazine effluent concentrations based on a known content for greasy wool. These effluent 
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concentrations can then be used to assess compliance with a proposed environmental quality 
standard (EQS) established for cyromazine, based on aquatic bioassays. 
Aquatic bioassays were conducted with both Chironomus zealandicus (Diptera: Chironomidae) 
larvae and eggs and Deleatidium sp. (Ephemeroptera: Leptophlebiidae) nymphs. Cyromazine 
possessed negligible acute toxicity to both organisms, with the concentration required for 50% 
mortality (LCso) being greater than 100 mg/I. However, significant chronic toxicity to C. zealandicus 
was observed, with a' lowest observable effect concentration (LOEC) of 25 ~gI1 being recorded. A 
proposed environmental quality standard (EQS) value of 1.0 ~g/l has been suggested, a figure 
supported by limited aquatic toxicity studies performed elsewhere. 
Cyromazine was shown to dominate approximately 30% of the fly-strike control market in New 
Zealand. This high usage, plus a moderate EQS value, suggests that a minimum seven week 
withholding period be instigated between· dipping for fly-strike control and shearing of treated sheep. 
Limited toxicity testing was carried out on another IGR-based ectoparasiticide, Zenith®, containing 
diflubenzuron. This testing, combined with published aquatic toxicity data, suggests than an EQS 
value for this compound be set at 0.01 ~g/l and a withholding period for dipped sheep be set at 18 
weeks. Such a long withholding period is unlikely to be attainable in practice such that, if highly 
aquatically toxic compounds are going to be used as ectoparasiticides on sheep, then woolscours are 
going to have to invest in technology to remove pesticides from their effluents. 
Keywords: Vetrazin®, cyromazine, Zenith®, diflubenzuron, insect growth regulators (IGR), sheep 
ectoparasiticides, fly-strike, sheep dipping, withholding periods, Chironomus zealandicus, 
Deleatidium sp., environmental quality standard (EQS), aquatic bioassays, toxicity, wool, 
woolscouring. 
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1. Introduction 
Vetrazin® is the Ciba tradename for a compound used for the control of fly-strike, dermal myiasis, on 
sheep. With widespread resistance to traditional organophosphate pesticides occurring in sheep pest 
species, particularly in Australia, Vetrazin® has obtained a large market share since its introduction in 
the early to mid 1980s. This fact, in addition to increasing public concern over environmental issues 
and more stringent environmental legislation, has resulted in a need for urgent research into all facets 
of fly-strike control and its downstream consequences. 
The active ingredient of Vetrazin® is cyromazine, an 'insect growth regulator' (IGR) based on the 
chemical structure of the s-triazines. Cyromazine is unique among compounds used for fly-strike 
control, being relatively polar. It is this polarity, its chemical structure and its recent introduction to 
the market that have led to questions regarding the fate of this compound during woolscouring and 
its subsequent effects on the aquatic environment. Prior to this study, little work had been completed 
on the aquatic toxicity of cyromazine and nothing was known of its fate during woolscouring. 
Because of fly-strike, it is generally accepted that ectoparasiticides are needed to protect the welfare 
of animals and ensure pelt, wool and meat quality. However, as with any use of pesticides, there are 
likely to be residues on the crop when it is harvested. As ectoparasiticides are applied to the wool, it 
can reasonably be expected that wool will contain residues of these chemicals when it is shorn (the 
amount being dictated by the period between dipping and shearing). In general, if chemicals are 
applied correctly, the residues on the wool do not present a human health risk. However, most of the 
compounds used as ectoparasiticides on sheep are also general insecticides and therefore may have a 
significant ecological effect if they are discharged into the environment. 
Once wool is shorn, it is scoured in (generally) an aqueous woolscour. A woolscour removes the 
contaminants from the wool, including pesticide residues, and usually discharges them to the 
environment in the form of aqueous waste waters. In many cases, these effluents enter the marine or 
freshwater environment directly, as essentially untreated waste waters, or indirectly, after varying 
degrees of biological treatment Such effluents may be highly polluting and highly toxic to aquatic 
orgarusms. 
Many woolscours, especially in New Zealand, practise limited effluent treatment. Lipophilic 
pesticides in woolscour effluents are, in general, removed in settling ponds or are claimed to be 
prevented from biological interaction by adsorption to woolgrease or other particulate matter. Polar 
compounds, such as cyromazine, may not be removed in this manner and therefore may have a 
greater potential impact on "receiving waters and the aquatic life they contain. 
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On-farm practices may also result in environmental contamination via disposal of dipping sump 
residues and empty chemical containers, as well as drainage from the fleece after saturation dipping. 
Most of this contamination will be localised to the land adjacent to the dipping site, but run-off, 
either directly or after rain, may result in surface and groundwater contamination. 
This study set out to determine the fate of cyromazine (Vetrazin~ during woolscouring, its 
adsorption and partitioning, and any possible effects on the aquatic environment. Suitable aquatic 
bioassays were required to be developed as was an analytical procedure for the extraction and 
quantification of cyromazine residues in woolscouring effluents and on greasy and scoured wool. 
Aquatic bioassays were conducted using the common midge, Chironomus zealandicus (Hudson) 
(Diptera: Chironomidae), and the mayfly, Deleatidium sp. (Ephemeroptera: Leptophlebiidae). These 
organisms were chosen because cyromazine is reported to possess specific activity against Diptera, 
and mayflies are traditionally regarded as highly sensitive to pollution. Limited bioassays were also 
conducted using another recently introduced IGR-based ectoparasiticide containing diflubenzuron. 
This thesis is divided into a number of chapters that specifically address individual aspects of this 
study. Chapter 6 ties all these aspects together in a general overview of the results and suggests how 
these might be applied to protect the aquatic environment, the interests of the New Zealand 
woolscouring industry and wool's image as a clean, green product. Chapter 7 provides a brief 
summary of the work carried out as part of this study in order to address the aims, below, and 
highlights areas requiring further attention from researchers. 
In summary, the aims of this study were as follows: 
1. To develop an analytical technique for the clean-up and quantification of cyromazine in woolscour 
effluents and on greasy and scoured wool; 
2. To establish the fate of cyromazine residues on wool during woolscouring and assess the 
likelihood of any possible environmental contamination due to woolscouring practices; 
3. To establish rearing and bioassay procedures for use with Chironomus larvae; 
4. Having established procedures in 3, above, to determine chronic, whole-of-life and acute toxicity 
of cyromazine to the chironomid midge and acute toxicity to Deleatidium; 
5. To conduct limited bioassays using the only other registered (at the time of this study) IGR-based 
ectoparasiticide (Zenith® - diflubenzuron) to compare results for this compound with those of 
Vetrazin® (cyromazine). 
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6. To detennine the importance of cyromazine as a fly-strike control agent via a survey of fanns 
throughout New Zealand. 
7. To provide recommendations to the industry on acceptable residue levels (on wool) and the 
possible need for withholding periods between dipping and before shearing. 
3 
2. Review of the literature 
This chapter has been divided into sub-sections which reflect the chronology of the subject. 
2.1 Fly-strike control 
Fly-strike costs New Zealand approximately $56 million annually, of which the cost of insecticides 
(dips) is almost half. The remainder comprises losses in live weight and wool production, pelt 
damage and on-farm labour costs (Heath, 1990). Fly-strike is principally caused by three species of 
fly: 
Lucilia sericata (Meigen) (common green blow fly) 
Calliphora stygia (F.) (brown blow fly), and 
Lucilia cuprina (Wiedemann) (Australian green blow fly) 
Lucilia cuprina, a recent immigrant from Australia, is now the dominant causative species of strike 
as far south as North Canterbury (Bishop, 1993). Fly-strike is most prevalent in warmer, damp areas, 
ie, Hawke's Bay and Waikato. The fly-strike 'season' runs for approximately eight months, 
September to May. However, October to April are the worst months for strike in the North Island, 
whereas, December to February are the worst months in the South Island (Bishop, 1993). Most 
organophosphate-based compounds can provide 6-8 weeks protection, but IGRs such as 
cyromazine, can provide protection for 12 to 16 weeks (Anon, 1979). 
Dips are applied from plunge pools, showers, with a jetting wand or, often, with a 'gorse gun'; pour-
ons are usually applied as a single backHne treatment For the purposes of this thesis, dips and 
dipping is used to encompass all forms of chemical and application, whether dips or pour-ons. 
Farmers often apply more than is necessary, usually with poor control of application rates and 
uniformity (Heath, A.C.G. pers. comm., 1992). Disposal of excess dip solutions is a major 
environmental concern and has received adverse publicity in the European and British press (Ends 
Report No. 197, June 1991; The Independent, 5 October 1992) and also more recently in local press 
(The New Zealand Herald, 18 August 1994). Of concern to the woolscouring industry is the 
proximity of time of shearing to time of dipping. Shearing often occurs over the summer months and 
thus may result in wools with high residual pesticide levels being scoured if the wool is treated with 
chemical 4-6 weeks before shearing (Robinson, 1993). 
Control of fly-strike has followed a similar route to most other pest control programmes, changing 
chemicals frequently when resistance was encountered. Arsenical compounds were used to control 
blow fly in England as early as last century. In 1947, BHC (lindane) was introduced, but its efficacy 
was no better than calcium arsenite. Other cyclodiene insecticides followed in the 1950s. The 1950s 
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also saw the introduction of the highly successful organophosphate, diazinon, for fly-strike control. 
Diazinon, surprisingly, is still used today. Other organophosphates were tried later, as was the 
carbamate butacarb (Hart et ai., 1982). However, in Australia, resistance developed rapidly in field 
strains of the primary pest - L. cuprina. A high level of resistance to dieldrin was established by 1957 
and to butacarb by 1967. Organophosphate resistance was also widespread. Fortunately, through 
the early 1980s, the organophosphates, diazinon, fenthionethyl and chlorfenvinphos, continued to 
provide short periods of protection (Hart et ai., 1982). Pyrethroids may also offer some protection, 
although their use is mainly restricted to the control of lice and ticks. Resistance has been the major 
impetus behind the introduction of two IGRs, cyromazine and diflubenzuron, and the biologically 
derived ivermectin. It is probably along this route that further developments will proceed. Gruss 
(1988) concluded that only cyromazine (diflubenzuron and ivermectin were not available) and some 
of the newer organophosphates, such as propetamphos, had been found to have some residual 
potency in preventing fly-strike caused by organophosphate-resistant Australian green blow fly. 
An important reason for difficulties encountered in fly-strike control is that flies are very fast 
breeders. Very few insects complete their life cycle as quickly, with some flies (eg, Musca domestica 
L.) being capable of developing from egg to adult in 8-10 days (Putz, 1989). Another reason is that 
fly-strike treatments are applied at a high dose that is slowly reduced by decay and wool growth. At 
some point, colonising flies are exposed to a concentration that is only partially toxic, resulting in 
selection for a portion of the fly population. As a means of avoiding this situation it has been 
suggested that cyromazine be applied as an intraruminal controlled release capsule (Anderson et ai., 
1989). Delivery of cyromazine from such a capsule resulted in a 'square wave' profile for release rate 
and plasma concentration. Rapid rises to, and falls from, the effective dose meant that any period of 
suboptimal dosing was limited and selection intensity for resistance to the chemical was low 
compared with normal topical applications. 
In association with this study, a survey was conducted of the on-farm use of ectoparasiticides and the 
timing of dipping and shearing. This survey has been published as a WRONZ Confidential Report 
(Robinson, 1993) and is contained in full, in a slightly modified form, as an appendix to this thesis. 
However, it is worth paraphrasing the major points as they relate to this thesis. 
• Cyromazine was found to be used by approximately 30% of all respondents, but its use on 
lambswool may have been as high as 50%. 
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• The survey revealed that conflict could arise between the need to treat animals and scheduled 
shearing times. This conflict could result in wool with elevated pesticide residue levels being 
shorn, especially lambswool and second shears. 
• Cyromazine was often used because of perceived health and safety benefits. However, misuse, 
particularly in terms of application methods, was apparent. 
• Disposal of excess dip solutions and empty dip containers was highlighted by the survey as an 
area of concern. Approximately 30% of survey respondents reported that their dipping yards 
and/or disposal sites were within 100 m of permanent surface water. However, the impact of 
these dip chemicals on soil and groundwater was undefined. 
2.2 Scouring of wool and environmental contamination 
There are 19 woolscours in New Zealand with a total annual output of approximately 180000 
tonnes of scoured wool (NZ Wool Board, 1992). These plants scour 82% of New Zealand's clip for 
an onshore added value of $120 million (Maskell and Carnaby, 1992). An average scouring 'train' 
(the name given to a series of interconnected bowls separated by squeeze presses) consists of six 2.4 
m wide bowls (Fig. 2.1) and may process up to 3000-3500 kg of greasy wool per hour. 
The first three bowls, referred to as the 'scouring' bowls, contain detergent and are maintained at 60-
65 ± 2 0c. Most of the woolgrease and contaminants are removed from the wool in these bowls. 
Liquors from these bowls are treated separately from liquor from the last three bowls. The 'heavy' or 
'flowdown' liquor from bowls 1-3 is treated to remove heavy solids and (generally) to recover 
approximately 30-40% of the woolgrease. Some of this liquor is returned to bowl 1 and the 
remainder (approximately 50%) is discharged as waste. Flowdown from the treatment system 
accounts for approximately 5% (or 1.5-2.0 l/k:g greasy wool) of the total discharge from a woolscour 
(Stewart, 1988). Flowdown liquor is highly polluting, with a 5-day biochemical oxygen demand 
(BOD5) and suspended solids content of 15 000-30000 mgll (Jamieson, 1991). In other words, an 
average single scouring train produces the same effluent load as a population of 10 000 people 
(Stewart, 1988). This effluent contains about 50% of the total woolgrease, and thus 50% of 
lipophilic pesticides (Rankin et al., 1992), polar suint (primarily potassium salts) and amino 
acid/protein fractions. 
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Fig. 2.1 Schematic diagram of a typical woolscour. 
Effluent from bowls 4-6 (the 'rinse' bowls) varies between 20 and 40 l/kg of greasy wool, with a 
BODs of 50-150 mg/l (similar to domestic sewage) and suspended solids of 100-250 mg/l (Jamieson, 
1991). Rinse water is generally discharged without prior treatment. 
On-site treatment of flowdown liquor varies from complete evaporation/incineration to untreated sea 
outfalls. A number of woolscours discharge untreated or partially treated effluent directly, or 
indirectly via land application, to the aquatic environment. However, the impacts of the Resource 
Management Act 1991 are producing a change in this situation. Already, one Regional Council 
(Auckland Regional Council, 1991) has banned the discharge of trade wastes containing 
chlorpyriphos, a compound used for fly-strike control in small amounts, although this was not the 
reason for the ban. 
At present, there clearly exists the potential, both in New Zealand and overseas, for residual sheep 
dip chemicals to contaminate freshwater and marine environments, with little or no data being 
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available on the potential impacts. While for older compounds, such as diazinon, potential effects 
may be extrapolated from the literature and known physico-chemical behaviour, for 'new' 
compounds, such as cyromazine, this information is not available. 
Recent work carried out by the Wool Research Organisation of New Zealand (WRONZ) (Robinson 
et aI., 1994), clearly indicated that the toxicity of woolscouring effluents to Daphnia sp. was related 
to the concentration of residual sheep ectoparasiticides scoured from the wool and present in the 
effluent. This work showed that woolscour effluents may require dilutions of the order of 20 000 
times to lower their toxicity to a level equivalent to an EC50 ' for Daphnia sp. Therefore, the dilution 
required for no effect could be 10-100 times greater than this. 
The European Community is proposing an environmental quality standard (EQS) ie, a concentration 
not to be exceeded in the aquatic environment, for diazinon and propetamphos of 10 ngll (0.01 ~g/l) 
(Shaw, 1994). These compounds are two of the most widely used organophosphates for fly-strike 
control in New Zealand (Robinson, 1993). Such a low value for an EQS would require dilutions of 
the order of 100 000-1 000 000 for typical woolscour effluents containing between 1 and 10 mg/l 
(Rankin et al., 1989; Robinson et al., 1994). Even with effluent treatment removing approximately 
90%, very large environmental dilutions would still be required. Clearly, the toxicity of woolscouring 
effluents is likely to result in increasing concern. A search for means of reducing this toxicity, 
through the use of 'safer' compounds or better on-fann practices, will be required. 
2.3 Cyromazine 
Cyromazine (Fig. 2.2) is used against dipteran larvae in poultry sheds, as a feed additive or as a 
topical spray to fly breeding sites (chicken manure) (Hall and Foehse, 1980; Williams and Berry, 
1980; Miller and Corley, 1980; Hamid et ai., 1987), as well as being tested as a feed addititive for 
cattle (Miller et at., 1981). It is also used as a foliar spray to controlleafminers (Liriomyza spp.) in 
vegetables and ornamentals (Van de Veire and Bleyaert, 1990), and to control pests on lettuces, 
onions, mushrooms and some other crops (White, 1988; Reynolds and Blakey, 1989; Hayden and 
Grafius, 1990; Stark et at., 1992). For these applications, it is sold exclusively, worldwide by Ciba 
under the following tradenames: Larvadex, Neporex, Trigard, CGA 72662 and Armor. However, its 
main use in Australia and New Zealand is for the control of dipteran larvae causing fly-strike on 
sheep (Hart et al., 1979), for which it is sold under the tradename Vetrazin®. 
1 See section 2.4 for a discussion of ECso determination. 
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Fig. 2.2 Cyromazine, N-cyciopropyl-l,3,S-triazine-2,4,6-triamine. 
Cyromazine belongs to the triazine group of pesticides and is unique among this class because it is 
the only member used commercially for its insecticidal activity. Cyromazine is also relatively water 
soluble. Pesticides are generally lipophilic molecules, ie, fat soluble, with their degradation products 
being more hydrophilic, ie, water soluble. However, cyromazine is substantially more polar than its 
degradation product, melamine, the other triazines and, indeed, most other pesticides (see Table 2.1). 
Table 2.1 Solubility of pesticides in water l • 
Compound Solubility (mgll) 
Cyromazine 11000 
Atrazine 28 
Simazine 3.5 
Cyanazine 171 
Melamine 150 
Diazinon 140 
Chlorfenvinphos 145 
Diflubenzuron 0.14 
1 Source: The Agrochemicals Handbook, 2nd Ed. 1989. 
2.3.1 Fly-strike control 
Cyromazine became available for fly-strike control in late 1979, "at just the right time, providing 
better protection through a different mode of action and with a lower mammalian toxicity than 
traditional compounds" (Anon, 1979) (see Table 2.2). Cyromazine is active as a stomach poison 
against young L. cuprina larvae at low concentrations; at high concentrations it also has a contact 
action (Anon, 1979), although penetration is relatively slow in house fly larvae (EI-Oshar et aI., 
1985). Cyromazine is classed as an IGR because it causes retardation, malformation and death, 
especially against 2nd and 3rd instar larvae (Anon, 1979; Hart et al., 1979). The more important 
effects are listed later (Section 2.3.2). Because of the higher susceptibility of younger larvae, the 
activity of cyromazine against existing fly-strike "is not spectacular" (Anon, 1979). Lonsdale et al. 
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(1990) concluded that cyromazine controlled cutaneous myiasis on sheep via high mortality of eggs 
and/or larvae, thus preventing the establishment of strike. 
Table 2.2 Comparative mammalian toxicity of cyromazine and other 
chemicals used as sheep-dipsl. 
Compound Acute oral LDso rat (mglkg) 
Cyromazine 
Chlorfenvinphos 
Diazinon 
Chlorpyriphos 
Propetamphos 
Dichlofenthion 
Cypermethrin 
Deltamethrin 
Diflubenzuron 
Ivermectin 
1 Source: The Agrochemicais Handbook, 2nd Ed., 1989. 
3387 
10-39 
300-850 
135-163 
119 
270 
200-800 
128 
>4640 
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In toxicological studies (Hart et ai., 1982), where sheep were jetted with cyromazine solutions at 
100 times the recommended concentration, no side effects in the sheep were observed. In another 
trial, pregnant ewes received three treatments at twice the recommended concentration during the 
first trimester without any effects to the ewes or their progeny. Cyromazine is also safe in 
combination with common antihelminthics and with sheep dips used for lice control (Hart et at., 
1982). The compound can even be safely ingested by dogs should they drink the dipping solution 
(Anon, 1979). 
2.3.2 Mode of action 
The mode of action of cyromazine is not only different from that of the traditional pesticides, 
organochlorines, organophosphates, carbamates and pyrethroids, but also appears different from that 
of any other insecticide. As stated earlier, the insecticidal activity of cyromazine is principally 
restricted to Diptera. Efficacy against a number of species has been reported, including some non-
dipteran representatives (see Table 2.3). 
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Table 2.3 Species which have been shown to be susceptible to the toxicity of cyromazine. 
Species Order Reference! 
Lucilia cuprina Wiedemann 
Musca domestica L. 
Musca autumnalis De Geer 
Fannia cannicularis L. 
Aedes aegypti L. 
Spodopterajrugiperda J.E. Smith 
Culex quinquejasciatus Say 
Ctenocephalides canis Curtis 
LycorielLa auripila Winnertz 
Heteropeza pygmaea Winnertz 
Mycophila speyeri Barnes 
Aedes epacticus Dyar and Knab 
Manduca sexta L. 
Liriomyza huidobrensis Blanchard 
Delia antiqua Meigen 
Lucilia sericata Meigen 
Anastrepha ludeni Loew 
Ceratitis capitata Wiedemann 
Bactocera dorsalis Hendel 
Bactocera cucurbitae Coquillet 
Diptera, Calliphoridae 
Diptera, Muscidae 
Diptera, Muscidae 
Diptera, Fanniidae 
Diptera, Culicidae 
Lepidoptera, Noctuidae 
Diptera, Culicidae 
Siphonaptera, Pulicidae 
Diptera, Sciaridae 
Diptera, Cecidomyiidae 
Diptera, Cecidomyiidae 
Diptera, Culicidae 
Lepidoptera, Sphingidae 
Diptera, Agromyzidae 
Diptera, Anthomyiidae 
Diptera, Calliphoridae 
Diptera, Tephritidae 
Diptera, Tephritidae 
Diptera, Tephritidae 
Diptera, Tephritidae 
1 Reference in which toxicity fIrst recorded. 
2 Limited toxicty reported. 
Hart et al., 1979. 
Williams and Berry, 1980. 
Hall and Foehse, 1980. 
Miller and Corley, 1980. 
Miller et al., 1981. 
Ross and Brown, 1982. 
Awad and Mulla, 1984b. 
Friedel, 1986. 
White, 1988. 
White, 1988. 
White, 1988. 
Saleh and Wright, 1989. 
Reynolds and Blakey, 1989. 
Van de Veire and Bleyaert, 1990. 
Hayden and Grafius, 1990. 
Lonsdale et al., 1990. 
Martinez and Moreno, 1991. 
Stark et al., 1992. 
Stark et al., 1992 
Stark et aI., 1992 
The effects of cyromazine may be divided into observable physical effects and unobservable 
biochemical effects; the fonner generally being the result of the latter. The physical effects have, for 
obvious reasons, received more attention. 
The more important physical effects of cyromazioe on larvae of L. cuprina are summarised in Table 
2.4 (Hart et aI., 1979). These observations were made in the late 1970s and since that time 
understanding has improved. 
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Table 2.4 Physical etTects of cyromazine on larvae of Lucilia cuprina. 
• 2nd instar larvae are unable to moult, the cuticle may become separated from underlying tissue. 
Larvae grow weak and die. 
• Young, early 2nd instar larvae may develop a ruptured cuticle. 
• The anterior section of a larva appears to grow at a normal rate but the rest of the body appears 
restricted. The larvae cease feeding and, although active, move more slowly. 
• Well fed larvae are often observed with a restriction near their centre, but otherwise seem normal. 
They do not pupate normally. 
• Pupation may be initiated in one or two segments but is arrested before completion. 
The death of house fly larvae treated with cyromazine has been reported to be preceded by cuticular 
lesions and abnormalities (Price and Stubbs, 1984). Larval-pupal intermediates were formed, 
characterised by anterior and posterior sclerotisation (hardening of the cuticle) but with untanned 
portions, corresponding to thinned areas, also being present. These thinned areas were consistent 
with cuticular rupture and internal tissues being confined only by the epicuticle. Rupturing appeared 
due to loss of structural integrity, with much of the striated structure of the cuticular matrix being 
lost. Later work (BinningtOli, 1985; Binnington et aI., 1987) reported similar thinning and lesions in 
L. cuprina larvae. 
Friedel et at. (1988) reported similar disruption of the cuticle and epidermis of L. cuprina with 
formation of lesions within 12 to 15 h of larvae hatching on a medium containing cyromazine. 
However, instead of thinning of the cuticle, these authors reported cuticular thickening. These 
findings were"defended on the grounds that previous studies had investigated the effects of 
cyromazine on 2nd and 3rd instar larvae, whereas their more recent work reared larvae from eggs on 
a treated medium (Friedel et aI., 1988). 
Reynolds and Blakey (1989) also observed cuticular thickening in studies involving Manduca sexta 
L. (tobacco hornworm). Thickening of the cuticle was also associated with increased internal 
pressure and visible lesions on the intersegmental cuticle. It was concluded that thickening was a 
result of the increased period of cuticular secretions rather than a direct stimulatory effect on chitin 
or protein synthesis (Friedel et aI., 1988). Cyromazine was later shown to have no effect on the rate 
of incorporation of N-acetyl-D-[I-C14] glucosamine into the chitin of M. sexta, either in vitro or 
invivo or to have an effect on the pattern of cuticular proteins (Kotze and Reynolds, 1991). 
Cyromazine was shown to accumulate rapidly (and linearly) for at least 24 h in an unchanged form in 
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treated larvae. The stiffness of the cuticle was greatly increased, despite cyromazine not being cross-
linked (Kotze and Reynolds, 1990 and 1991). 
Awad and Mulla (1984a & b) conducted histopathological studies on third instar larvae of M. 
domestica and Culex quinquefasciatus treated with cyromazine. In both studies, no noticeable 
changes in the cuticle were observed after 72 h exposure. Indeed, in C. quinquefasciatus, no changes 
in the gut, tracheae, fat bodies, nervous system, heart, hypodermis or muscles were observed at 
concentrations up to 1 ppm. M. domestica larvae showed vesiculated muscles, which were irregular 
in shape, and attachment to the cuticle was damaged as a result of damaged tonofibrillae. 
As one would expect, the cuticle of both the fore- and hind-gut may be severely affected by 
cyromazine; the cuticle of an insect's gut is a continuation of its exoskeleton. 
Unlike the exoskeleton, production of the peri trophic membrane occurs continuously between 
moults (Marks et at., 1982). Despite cyromazine induced disruption of ecdysis, new peritrophic 
membrane may be secreted under the old one. In extreme cases, this may result in occlusion of the 
digestive tract by cuticle from two instars (Friedel et al., 1988). It is this effect that may be the cause 
of the anti-feeding behaviour and weight loss observed by some researchers (Friedel et al., 1988). 
The hind-gut is usually most severely affected and, because of its osmoregulatory function, may have 
an influence on internal pressure. Therefore, one of the major effects of cyromazine, at least 
indirectly, is starvation induced by abnormalities produced in the cuticle of the gut (Friedel et al., 
1988). 
Without exception, all previous researchers have concluded that the effects of cyromazine on the 
insect's cuticle differ from those of the chitin inhibitor, diflubenzuron. Binnington (1985) went 
further, after comparison of cyromazine with aminopterin, diflubenzuron and polyoxin D (all 
chemicals that affect chitin synthesis), he stated "lesions produced by cyromazine treatment are not 
mimicked precisely by any of the other chemicals". Miller et al. (1981) demonstrated inhibition of 
chitin synthesis in a cultured cockroach leg regeneration system by cyromazine and CGA 19255 (a 
compound metabolised to cyromazine), but neither was as active as diflubenzuron. These authors 
concluded that chitin inhibition was a secondary effect of cyromazine exposure and that the primary 
mode of action remained unclear. 
Pochon and Cassida (1983) concluded that the rate of penetration or accumulation of cyromazine at 
sensitive stages was more critical than the extent of metabolism in limiting toxicity. These authors 
showed that the synergist piperonyl butoxide had little or no effect on cyromazine toxicity, thus 
metabolic activation was not required. This view was later shared by Iseki and Georghiou (1986) and 
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Shen and Plapp (1990). Pochon and Cassida (1983) suggested that it was the cyclopropyl amino 
group, rather than any other alkyl amino or heterocyclic substituent of related compounds, that 
conferred the unusually high insecticidal activity to cyromazine. 
Early larval ins tars are more susceptible than later ones (Hall and Foehse, 1980; Price and Stubbs, 
1984). The LC502 for cyromazine in feed for 2-day-old M. domestica larvae was 0.007%, while for 
5-day-old larvae it was ca. 0.1 % (EI-Oshar et at., 1985). Pochon and Cassida (1983) reported LC50 
data for M. domestica of 0.11 ppm when exposed to cyromazine in feed from eggs and 5.4 ppm 
when exposed as 3rd instar larvae. But these authors considered that pupae were most sensitive to 
cyromazine exposure 0-1 h after pupation. Friedel and McDonell (1985) reported that the LC50 for 
larval development (failure to pupate) of L. cuprina for 6-h-old larval exposure was 0.36 ± 0.05 
ppm, slightly higher than that for inhibition of pupal development (0.29 ± 0.04 ppm). It has been 
suggested that susceptibility of larvae was related to the hardening time of the puparium (Hall and 
Foehse, 1980). A concentration and time factor has also been suggested (Friedel et at., 1988). For 
M. sexta, a dose dependent reduction in rate of growth was reported, with whole-of-life LC50 
reflecting the inability of treated larvae to complete pupal ecdysis (Reynolds and Blakey, 1989). 
Cyromazine has no effect against adult flies at normal concentrations, although at 1000 ppm in 
drinking water it gave 100% adult M. domestica mortality within five days and at 300 ppm it 
decreased hatching success. At a concentration of 3 ppm in water there was no effect on adults or 
egg hatch but a 95% disruption of development before pupation occurred in subsequent larvae. At 
1 ppm in drinking water no effects were recorded (Pochon and Cassida, 1983). 
Adult female L. cuprina treated with a topical application of cyromazine at 3 Ilglfly one day before 
ovipositing produced eggs that hatched normally. However, a high mortality of young larvae 
occurred (Hart et al., 1982). Levot and Shipp (1983) showed that topical applications to L. cuprina 
females of up to 4 Ilglfly were not toxic to the adults, nor did they cause a decline in egg numbers or 
hatch. However, interference with larval growth was significant at doses above 0.5 Ilg/fly. Larvae 
were sluggish and appeared not to feed. Such a result suggested that oral uptake by larvae was not 
essential to the action of cyromazine and that sufficient was transported to the eggs of gravid females 
to have a delayed toxic effect (Levot and Shipp, 1983). 
Friedel and McDonell (1985) supported this view, demonstrating that larval mortality of L. cuprina 
was related to the cyromazine concentration within eggs of females exposed to cyromazine in 
2 See section 2.4 for a discussion of LCso determination. 
14 
drinking water. As little as =0.1 ng/egg of cyromazine was sufficient to prevent ecdysis from 1st to 
2nd instar. These results suggested cyromazine was both fairly mobile within the fly (entering its 
eggs) and not rapidly degraded. However, only 0.6% of the total cyromazine taken in by the adult in 
a genotrophic cycle from drinking water was deposited in the eggs (Friedel and McDonell, 1985). 
At this stage, the possible mode of action of cyromazine remains open to debate, but it appears that 
its action is certainly via the honnonal system rather than by direct inhibition of chitin fonnation 
(Price and Stubbs, 1984; Friedel et at., 1988). 
2.3.3 Cyromazine - degradation/detoxification 
Unfortunately, due to limited data, it is necessary to review the behaviour of other triazines to try to 
gain a clue to the behaviour of cyromazine. Many triazines are semi-persistent. Brockway et al. 
(1984) reported on the slow degradation and bioconcentration of atrazine. Cook and HUtter (1981) 
demonstrated that s-triazines, including melamine, may act as a nitrogen source for bacteria, with 
rapid and complete degradation to ammonia (or cell material) and carbon dioxide (C02). According 
to Dewey (1986), atrazine has a half-life of seven to eight months in soil but does not 
bioconcentrate. The half-life of simazine (and probably all other triazines) is highly temperature 
dependent; at 25°C its half-life was 20 days, at 18 °C - 39 days and at 8.5 °C - 140 days. However, 
simazine was not inactivated after six months in frozen soil (Sheets, 1970). 
It has been reported that cyromazine has a half-life in soil of three to six months and that laboratory 
studies indicate it to be moderately mobile in sensitive soils (Allemann, pers. comm., in: Stark et aI., 
1992). Cyromazine had no toxic effects on soil microbes at concentrations up to 100 ppm (Mumma 
and Bogus, 1981). Cyromazine was also shown to be harmless to the soil nematode Steinernema 
jeltiae (Filipjev) (Vainio and Hokkanen, 1990). 
Atrazine's hydrolysis rate at pH 4 was 4.8 times greater at 25°C than at 12 °C (Muir, 1991). 
Kostowska and Rola (1984) suggested that the decay of simazine in both the field and the laboratory 
(under similar pH conditions) was not clearly dependent on soil type and that the importance of 
temperature was greater than that of soil moisture. Sheets (1970) also noted that the half-life of 
simazine varied indirectly with temperature, while Walker and Allen (1984) showed a negative 
correlation between rates of loss and organic matter. These authors suggested that clay content was 
the single most important soil property with which degradation rates could be correlated; rates of 
loss decreased with increasing clay content. Kostowska and Rola (1984) supported this conclusion, 
noting that the importance of soil organic matter was not great, although where large differences in 
soil organic matter were encountered, greater variation in half-lives was also measured. 
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The degradation of triazines in soil, especially sirnazine and atrazine, appears to conform to first 
order rate kinetics (loss proportional to concentration), with a lag phase due to soil microbe 
adaptation the exception rather than the rule (Sheets, 1970). According to Knuesli et al. (1969) 
microbes do not playas pivotal a role as Sheets suggested. Instead, they suggested that chemical 
hydrolysis of chlorotriazines was more rapid in soils than microbial degradation. However, further 
degradation possibly relied on micro-organisms. Alkyl side-chains are the primary site of microbial 
detoxification. However, ring cleavage may ultimately occur (although the evidence for this is not 
strong) (Knuesli et aI., 1969; Muir and Baker, 1978). The triazine ring of hydroxy-atrazine (ie, side-
chains replaced by OH groups) is degraded 25-40 times faster than the ring of atrazine (Muir and 
Baker, 1978). 
Burkhard and Guth (1981) concluded that 1,3,5-triazines resist microbial attack and, therefore, their 
chemical hydrolysis to non-phytotoxic hydroxy-l,3,5-triazines is an important pathway for 
degradation in soil. Sheets (1970) (contary to other experiments) observed a lag phase with the 
disappearance of atrazine and sirnazine in non-sterile soils (ie, not first order). Wood et at. (1991) 
also suggested that dissipation, as the result of microbial activity, experienced a lag phase. However, 
Burkhard and Guth (1981) felt that degradation of the Cl-triazines was governed by first order rate 
kinetics without a lag phase. 
Hydrolysis was regarded as the first degradation step of the chlorotriazines, with volatilisation also 
being important (Knuesli et al., 1969). No significant hydrolysis of cyromazine occurred at pH 5, 7 
or 9 at 30, 50 or 70°C over 28 days (Burkhard, 1979a). In O.1N hydrochloric acid, cyromazine was 
hydrolysed at 50 and 70°C with half-lives of 106 and 7.7 days, respectively. At 70 °C the half-life of 
cyromazine in O.IN sodium hydroxide was 80 days. Under acidic conditions, the main hydrolysis 
product was 2-amino- 4-cyclopropylamino-6-hydroxy-s-triazine (ie, one NH2 group is replaced by an 
OH group). Under alkaline conditions, this compound plus 2-cyclopropylamino-4, 6-dihydroxy-s-
triazine (ie, both NH2 groups replaced by OH groups) were formed (Burkhard, 1979a). 
Burkhard and Guth (1981) demonstrated that persistence in soils could be estimated from the 
hydrolytic half-life only in pH regions where Cl-triazines were sensitive to chemical hydrolysis. This 
hydrolysis was summarised as "adsorption results from hydrogen-bonding between the adsorbent 
carboxyl group" (in soils) "and the N atom of the triazine ring, which leads to a protonation of the 
ring or side-chain N atom, followed by cleavage of the C-CI bond by water." Obviously, this same 
mechanism will play an important role in the adsorption of cyromazine via protonation of the 
secondary amines; cleavage of the cyclopropyl group may then be possible. 
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Chlorinated-triazines are stable in aqueous buffers between pH 4 and 9 with half-lives greater than 
three months (Burkhard and Guth, 1981; Muir, 1991; Wood et al., 1991). However, hydrolysis rates 
increase in the presence of sterile sediments or dissociated humic and fulvic acid. Addition of sterile 
lake sediment to an acidic solution (pH 3.9) of atrazine, simazine, propazine and terbuthylazine 
results in similar half-lives (Burkhard and Guth, 1981; Muir, 1991). However, the half-lives for 
cyromazine in solutions at varying pH are different from these compounds, cyromazine 
demonstrating much greater stability (Burkhard, 1979a) (see Table 2.5). 
Atrazine and simazine biodegradation proceeds slowly in water in the absence of sediment. The half-
life of atrazine in groundwater incubated at 10 °C was over 10 months. When incubated with a 
bacterial culture (in water), half-life was decreased to between 14 days and over 3 months. However, 
much of the apparent dissipation was attributed to sorption of the atrazine to the bacterial cell wall 
(Muir, 1991). Muir suggested that the biodegradation rates (although I feel he meant 
transformations, both biotic and abiotic) of triazines in water and sediments were dependent on 
sediment water ratios, and were little influenced by low oxygen conditions. He also concluded that 
sediment-catalysed hydrolysis appeared to be the major path of degradation for the Cl-triazines. 
More rapid degradation of hydroxy-atrazine than of atrazine was observed in submerged soils and in 
aerated soil-water suspensions. Atrazine also demonstrated a high koc (coefficient of absorption to 
organic carbon) value on natural colloids in estuarine waters; the koc decreased with increased 
salinity and was maximal at pH 7 (Muir, 1991). However, Wood et al. (1991) reported no significant 
adsorption of atrazine in groundwater sediments and no differences between sterile and non-sterile 
tests. 
Triazine loss from soils is related to chemical structure as well as several environmental and edaphic 
factors. One of these edaphic factors includes texture, triazine carry-over being greater in coarser 
than in finer soils (Sheets, 1970). There is indirect evidence for the oxidative removal of a.-alkyl side-
chains by soil fungi and bacteria (Knuesli et al., 1969). These authors suggested that -NH-R groups 
were substituted consecutively to NH2 and then OH moieties, but no indication was given of the 
relative ease of each step. Cook and HUtter (1981) reported on the complete mineralisation of s-
triazines by soil bacteria, both aerobic and facultative anaerobes. Amines were released as ammonia 
and the ring carbons as CO2• This report was significant in that the triazines were used as a sole 
source of nitrogen, believed, at that stage, to be the first such reported case. 
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Table 2.5 Calculated half-lives (at 20 DC) for the hydrolysis of s-
triazines (Burkhard, 1979a; Burkhard and Guth, 1981). 
Hydrolysis Medium Compound Half-life (days) 
O.lM hydrochloric acid Simazine 8.8 
Atrazine 9.5 
Propazine 7.7 
Terbuthylazine 7.9 
Cyromazine 1011 
Buffer pH 5 Simazine 96 
Atrazine 86 
Propazine 83 
Terbuthylazine 86 
Cyromazine 102 
O.lM sodium hydroxide Simazine 3.7 
Atrazine 5.0 
Propazine 5.1 
Terbuthylazine 12 
Cyromazine 102 
lCyromazine results obtained at 30°C. 
It was also suggested that alkyl group removal occurs as the first metabolite in animals (Knuesli et 
aI., 1969). EI-Oshar et al. (1985) supported this observation for cyromazine in insects, noting that 
the majority of ingested cyromazine passed unaltered through adult house flies, but that a small 
amount was metabolised to melamine before excretion. 
Photolysis is not a significant mechanism for the loss of triazines; indeed, cyromazine has been shown 
not to experience any loss due to photolysis in one laboratory study (Burkhard, 1979b). However, 
Lim et al. (1990) concluded that photodegradation was involved in the loss of cyromazine from glass 
dishes in their laboratory, but volatilisation or adsorption may have also been important. These 
authors also demonstrated that cyromazine possessed a half-life of seven days when sprayed on to 
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brassicas and that melamine comprised 14-36% of the residue after 14 days. What were not clearly 
demonstrated were the mechanisms, biotic or abiotic, of cyromazine loss. Cyromazine was shown to 
possess half-lives of 10 and 28 days for 0-14 and 15-168 days after jetting on to sheep (Anon, 1979) 
(see Fig. 2.3). These losses reflect dilution through new wool growth as well as biotic and abiotic 
transfonnations. 
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Fig. 2.3 Persistence of cyromazine on wool (from Anon, 1979). 
Henry's constants for the triazine herbicides are 10-8-10-6 atmlm3/mol. Thus, predicted volatilisation 
half-lives, based on the 2-film theory, would be greater than 1000 days for simazine, atrazine and 
terbuthylazine in aim column. Therefore, volatilisation from water was not considered significant 
(Muir, 1991). Similar results could be expected for cyromazine, but its volatilisation rate is likely to 
be even less. Water solubility of cyromazine is two to four orders of magnitude greater than these 
other triazines and its vapour pressure significantly less. 
Cyromazine residues in beef and poultry, due to its use as a feed additive, have been investigated. In 
the US a limit of 0.05 ppm for total cyromazine and melamine has been established for edible poultry 
tissue (Epstein et ai., 1988). Cecil et al. (1981) found levels up to 0.7 ppm of cyromazine in the 
liver, body fat and muscle of white leghorn chickens immediately after the use of CGA 19255 but 
none was detected in tissues sampled one week after the withdrawal of the chemical. Miller et al. 
(1981) found cyromazine in the kidneys (0.35 ppm), liver (0.2 ppm) and body fat, including milk, 
(0.1 ppm) when fed at high rates (16 mglkglday) as CGA 19255 to Holstein cattle. Epstein et al. 
(1988) demonstrated that losses of =35% of cyromazine occurred during beef processing and curing. 
In canned product, melamine was present at 1 ppm but could have been associated with the 
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melamine-fonnaldehyde resins in the can linings. Cyromazine was present at 0.1 ppm when cattle 
were dosed at 0.2 ppm and 1.2-1.5 ppm when dosed at 2.0 ppm (Epstein et al., 1988). No indication 
was given as to the time between treatment and slaughter. 
In New Zealand, there is a mandatory withholding period of 10 days between the treatment of sheep 
for fly-strike with cyromazine and their slaughter for food. However, no withholding periods 
between dipping and shearing are currently in force for any chemical. 
2.3.4 Cyromazine - environmental toxicity 
The s-triazines are noted for their low toxicity to mammals (Knuesli et ai., 1969). Cyromazine has a 
mammalian toxicity of approximately 1400-3300 mglkg (Anon, 1979). According to the "Vetrazin® 
Technical Manual" (Anon, 1979), Vetrazin® (cyromazine) is a non-irritant and is "relatively safe to 
wildlife as represented by the three species of birds and two species of fish" (Table 2.6). A rather 
bold claim, I would argue, considering the paucity of infonnation. 
Table 2.6 Cyromazine toxicity (LDso) to wildlife as determined by Ciba (Anon, 1979). 
Peking Duck Acute oral LD50 > 6000 mg/kg 
8 day feeding > 600 ppm 
Japanese Quail Acute oral LD50 2338 mg/kg 
8 day feeding > 1000 ppm 
Chicken Acute oral LD50 641 mglkg 
Rainbow Trout 96hLC5o > 100 ppm 
Carp 96 h LC50 > 100 ppm 
It should also be noted that the major degradation product of cyromazine, melamine, was suspected 
to be a carcinogen (Toth and Bardalaye, 1987). However, Lim et al. (1990) claimed that this 
apparent carcinogenicity may be due to secondary effects resulting from the fonnation of renal 
bladder stones. These authors also claimed that melamine was not mutagenic in the Ames test. 
Both atrazine and simazine are widespread aquatic contaminants. This is shown by the presence of 
atrazine in 28% of groundwaters surveyed in the USA and Europe and simazine in 9% (Headworth, 
1989). According to Stratton (1984), atrazine is the most heavily used pesticide in North America 
and is found in surface waters at concentrations up to 30 Ilg/l and in rain-water up to 2 Ilgll. 
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Brockway et al. (1984) suggested the concentration of atrazine in surface waters was up to 42 Ilg/1 
and Dewey (1986) suggested a range of 1-70 Ilg/l. Whatever the actual figure, it is clear that 
atrazine, and to a lesser extent simazine, represent serious aquatic contaminants. While cyromazine 
will never reach the widespread use achieved by atrazine, its potential for contaminating waters on a 
local basis through woolscour effluent discharges or sheep dipping sump drainage is real. However, 
little is known of its toxicity to aquatic organisms. 
The chlorotriazines are highly toxic to aquatic insects (Walker 1964; Macek et ai., 1976b; Schober 
and Lampert, 1977; Dewey, 1986). While it is possible that the chlorine moiety has a great deal to do 
with this toxicity, it is worth reviewing some of the environmental effects. Walker (1964) was one of 
the first authors to note aquatic toxicity effects for both simazine and atrazine. Simazine and other s-
triazines affected fish and invertebrates mainly indirectly through reduced growth of aquatic 
macrophytes. Atrazine was directly toxic to benthic fauna, especially mayflies, leeches, caddisflies 
and gastropods, with recovery taking four to six months (Walker, 1964). 
Reduction of chironomid larval numbers was also significant, although effects were delayed up to 
two weeks, with emergence being markedly reduced. Chironomids were also significantly reduced in 
a later study (Dewey, 1986), with atrazine being toxic at a concentration as low as 20 Ilg/l. Benthic 
insect species richness, species equitability and total emergence all declined significantly with atrazine 
exposure (Dewey, 1986). 
In a study using Daphnia, even at concentrations where no visible effects on survival occurred, 
growth and reproduction were markedly reduced (Schober and Lampert, 1977). Macek et al. 
(1976b) reported that the maximum acceptable toxicant concentration (MATC) for midges was 
between 0.11 and 0.23 mg/l for atrazine. Reduced hatching success, larval mortality, developmental 
retardation and a reduction in numbers pupating and emerging were the primary toxic effects. 
There are few published studies conducted specifically using cyromazine and an aquatic organism. 
Barrows et al. (1980) examined the accumulation and elimination of cyromazine in bluegill sunfish. 
Cyromazine residuals in bluegill edible tissue reached a maximum after three days. After this, no 
equilibrium between the rate of accumulation and rate of elimination occurred, with the rate of 
elimination being greater. The maximum bioconcentration factor was less than one (Barrows et al., 
1980). 
The only toxicity data for an aquatic macroinvertebrate available from Ciba, as part of its registration 
package, is for a Daphnia sp., where the reported 48 h LCso was 93 mg/l and the MATC for 
reproduction was 0.45 mg/l. However, limited data are available on the toxicity of cyromazine to 
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Aedes aegypti, A. epacticus and C. quinquefasciatus (Miller et aI., 1981; Awad and Mulia, 1984a; 
Nelson et aI., 1986; Saleh and Wright, 1989). Miller et al. (1981) examined the effects of CGA 
19255 and cyromazine on A. aegypti larvae and chitin synthesis. Both CGA 19255 and cyromazine 
were less effective than diflubenzuron at inhibiting larval growth when present in the diet of the 
larvae (see Table 2.7). 
Table 2.7 Concentration (ppm) of cyromazine, CGA 19255 or diflubenzuron in the diet of 
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Aedes aegypti larvae responsible for 100% mortality (Miller et al., 1981). 
Larval age CGA 19255 Cyromazine Diflubenzuron 
Newly hatched 0.1-0.3 0.03-0.1 0.001-0.005 
4th instar 0.3-1.0 0.3-1.0 0.001-0.005 
Nelson et al. (1986) examined the toxicity of cyromazine to 3rd and 4th instar larvae of both A. 
aegypti and C. quinquefasciatus, as well as its effects on non-target predatory species of mosquito 
larvae. Adverse effects were not observed in predatory species during acute or post-treatment tests 
at 1 ppm. However,;;:: 95% inhibition of adult emergence in both A. aegypti and C. quinquefasciatus 
was recorded at 0.5 ppm (50 larvae in 11). The LC50 (% emergence inhibition) for each species was 
0.10 and 0.11 ppm, respectively. Inhibition of adult emergence was used as the key measure of 
toxicity because no clear toxicity versus dose effect was observed for 3rd or 4th instar larvae. Saleh 
and Wright (1989) concluded that larval mortality was not a good predictor of cyromazine toxicity, 
"dose effects only became apparent when larvae were allowed to complete development through to 
adults". Nelson et ai. (1986) concluded that pupae were more sensitive than larvae to cyromazine 
toxicity, but these authors did not expose very young larvae or eggs to cyromazine. 
Morphogenic aberrations were an often observed effect of cyromazine exposure, rather than simple 
mortality, although some aberrations resulted in death (Awad and Mulla, 1984a; Nelson et aI., 1986; 
Saleh and Wright, 1989). These types of effects have been observed for a number of IGRs on a 
number of insect species and are often collectively referred to as the 'improper eclosion syndrome' 
(Awad and Mulla, 1984b; Nelson et aI., 1986; Saleh and Wright, 1989; Anderson, 1989). These 
morphogenic aberrations are summarised in Table 2.8 (Awad and Mulla, 1984a; Nelson et aI., 1986; 
Saleh and Wright, 1989). 
The effects detailed in Table 2.8 clearly demonstrate a potential for greater aquatic toxicity than that 
suggested by Ciba. Cyromazine is a polar compound (water solubility 11 gil), stable to hydrolysis, 
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photolysis and heat, as well as natural pH conditions. While some degradation by microbes may be 
possible, cyromazine's potential to harm the aquatic environment, or contaminate groundwaters, 
should not be ignored. 
Table 2.8 Morphogenic aberrations observed at marginally lethal concentrations of 
cyromazine in Aedes aegypti, Aedes epacticus and Culex quinquefasciatus. 
Stage affected Morphogenic aberrations 
Adult 
Pupa 
Incomplete eclosion - some part of the adult (abdomen, legs, 
tarsi, wings, etc.) remains attached to the pupal skin resulting 
in high mortality at the water surface. Mouthparts and/or legs 
'glued' to the body of the insect. 
Transparent anterodorsal thoracic bulbous projections. 
Dorsal splitting of the thoracic cuticle of the pre-pupa. 
Albino pupa, ie, lacking hardening and darkening of the 
cuticle. 
Distended, larger than normal, pupae. 
2.3.5 Cyromazine resistance 
Several studies have shown no cross-resistance to cyromazine from insects possessing resistance to 
other classes of insecticides (Anon, 1979; EI-Oshar et al., 1985; Hughes, 1985: Iseki and Georghiou, 
1986; Bloomcamp et al., 1987; Shen and Plapp, 1990: Keiding et al., 1991 and 1992), although 
Levot and Shipp (1983) showed that a diazinon-resistant Q-strain of L. cuprina possessed very slight 
resistance to topical applications of cyromazine. In addition, resistance to cyromazine on its own or 
in combination with a multi-resistant strain has been detected in four separate field strains, associated 
with cyromazine use in poultry farms. 
Iseki and Georghiou (1986) first reported cyromazine resistance; they found a 5.4-fold resistance in a 
field strain of M. domestica after two years use of the chemical on a poultry farm. Bloomcamp et al. 
(1987) also detected resistance in a strain of house fly, which was also organophosphate resistant. 
Cyromazine resistance had again developed within two years. By careful laboratory selection, over 
15 generations, resistance was increased to 69.8-fold. The third case, also with house fly, showed a 
6.5-fold resistance to cyromazine and a lO-fold resistance to diflubenzuron. Adults, in addition, 
showed high resistance to carbaryl, DDT and diazinon, moderate resistance to cypermethrin and 
23 
pennethrin, and low resistance to dieldrin (Shen and Plapp, 1990). The fourth case, involving a 
survey of 87 Danish and 2 Swedish poultry farms, concluded that the small variation observed in 
susceptability (up to 1.8-fold) was not correlated with resistance in adults "to organophosphorus, 
pyrethroid, or other conventional insecticides (neurotoxins)." 
In contrast, Levot (1993) reported that 140 different populations of L. cuprina had been tested 
against cyromazine without detection of resistance. This author suggested that cyromazine may have 
a physical (incorporation into the endocuticle), rather than chemical effect to which resistance is less 
likely to develop. However, as already discussed, a purely physical mode of action is unlikely but 
physical adsorption certainly plays an important role in cyromazine toxicity. 
The synergists piperonyl butoxide and diethyl maleate had a slightly antagonistic influence on 
cyromazine toxicity. Therefore, resistance does not appear to be due to greater oxidative 
detoxification (Iseki and Georghiou, 1986; Shen and Plapp, 1990). Iseki and Georghiou (1986) 
suggested reduced penetration, faster elimination without metabolic modification and target site 
insensitivity as possible resistance mechanisms. Shen and Plapp (1990) showed a genetic link on 
chromosome V of house fly that was incompletely dominant over susceptibility. This same,·or a 
closely linked, gene conferred resistance to diflubenzuron, and resistance to these two compounds 
was genetically distinct from all other types of insecticide resistance. 
Adcock et al. (1993) recently completed a study investigating possible resistance mechanisms to 
cyromazine. Their work was based on gene mapping using Drosophila melanogaster (Meigen) and 
the premise that resistance mechanisms to particular insecticides in distantly related genera are often 
similar. D. melanogaster was shown to have comparable linkage groups to L. cuprina, M. domestica 
and Ceratitis capitata (Weidemann). Two resistant strains of D. melanogaster were artificially 
selected for, and resistance shown to be the result of mutation of a single, but different, gene in each 
case. Both strains conferred low level « 5 times) resistance to cyromazine. One of the gene 
positions mapped by Adcock et al. (1993) was reported to lie close to a region homologous with a 
region of chromosome V in M. domestica, where Shen and Plapp (1990) mapped a partially 
dominant cyromazine-resistant gene. At this stage, the mode of resistance or its biochemical basis are 
unclear (Adcock et ai., 1993). 
Resistance is a real threat to the continued success of cyromazine, not only in the poultry industry 
but also, possibly, in the sheep industry. The following logical recommendation was made by Shen 
and Plapp (1990) and with modification may be applied to animal husbandry: 
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- rotation of insecticides should be used as the best means of delaying the build-up of resistance. 
Rotation between cyromazine for larval control and other insecticides for adult control could be a 
useful strategy in poultry sheds. 
In the field of fly-strike control on farms, attention needs to be paid to the need to treat (ie, via the 
use of fly traps or other monitoring procedures) and the quality/efficacy of the treatment applied. 
2.4 Toxicology 
Toxicology is a variously defmed science. Toxicology is defmed (Collins Concise Dictionary) as: 
"the branch of science concerned with poisons, their effects, antidotes, etc." This definition is 
relatively all encompassing and includes the analytical aspects and the evaluation of immediate toxic 
effects, which while essential, do not highlight the most important aspects of the science (Ramade, 
1987). Ramade's defmition suggested toxicology is: "the study of mechanisms governing the action 
of toxicants on the molecular and cellular level as well as on the entire organism." 
The adverse effects of chemicals may include not only death, but other sub-lethal effects such as 
change in growth, development, reproduction, pharmacokinetic responses, pathology, biochemistry, 
physiology and behaviour. These are all qualitative effects. Other quantitative effects such as number 
of organisms killed, change in fecundity and/or body size, time/dose, time/temperature and many 
other measurable values need to be considered. Also to be considered are the transport and 
distribution within the environment, and ultimate fate of these chemicals (Rand and Petrocelli, 1985). 
Toxicology tends to use various terms to describe these effects, some of which follow: 
• Acute toxicity is a toxic effect that arises suddenly and manifests with intense severity (usually 
death) over a short time period. 
• Chronic toxicity has traditionally referred to a toxic effect which manifests itself over a long 
period (in relation to the lifetime of the organism) and usually also results in death. However, 
both sub-lethal acute and chronic exposure may occur (as illustrated below). 
• A carcinogen is any substance that causes or is suspected of causing cancer. 
• A mutagen is any substance that can cause genetic mutation, especially in a fetus. 
• An oncogen is a chemical that may activate any of several genes present in all cells to produce 
cancerous growths. 
• A metabolite is a product or transformation product of a chemical that results from an 
organism's natural metabolic processes. 
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• Biotransformation is defmed as biologically catalysed conversion of one chemical into another. 
• Bioaccumulation is used to describe the selective transfer of a chemical from environmental 
compartments (including food) into organisms (Biddinger and Gloss, 1991; Esser, 1986; Huckle 
and Millburn, 1990; Isensee, 1991). 
• Bioconcentration is synonymous with bioaccumulation, with bioaccumulation now finding 
favour. 
• Biomagnification describes the chemical transfer from organisms of a lower trophic level to 
organisms of a higher trophic level in a food chain (Biddinger and Gloss, 1991; Esser, 1986; 
Huckle and Millburn, 1990). 
• The bioaccumulation- or bioconcentration-factor (BCF) is defined as the ratio of the 
concentration of a chemical in a test organism to its concentration in the environment or food, 
under steady state conditions. It assumes bioaccumulation is a reversible process and that rates 
of uptake and depletion of a chemical in an organism under study follow the same kinetics 
(Biddinger and Gloss, 1991; Spacie and Hamelink, 1985; Esser, 1986; Huckle and Millburn, 
1990). 
The definitions presented here are, generally, what are accepted by a majority of reviewers. 
However, some concepts, such as those relating to the importance of the BCF, are subject to debate 
(Esser, 1986; Barron, 1990; Huckle and Millburn, 1990; Isensee, 1991). 
The literature on toxicology is immense, with most being written in the last 15-20 years. 
Organisations, such as the US Environmental Protection Agency (USEPA), were the first to realise 
the need to assess the effects chemicals were having on our environment. However, this was only 
after the revelations and controversy highlighted in Rachel Carson's "Silent Spring" (1963). It was 
only when the evidence surrounding the adverse effects of DDT became overwhelming that 
toxicology, as a science, really began to take shape. It is the aquatic environment, in recognition if its 
vulnerability (Rand and Petrocelli, 1985), that has been the focus of much of the research into this 
relatively new branch of science. 
A great deal of work has highlighted the vulnerability of the aquatic environment. In 1988, the 
Friends of the Earth drew attention to the fact that 300 of the UK's potable water sources had levels 
of pesticides that exceeded the European Community (EC) drinking water directives (Beck, 1989). 
Of 150 streams surveyed in 10 Midwestern states of the USA, 55% possessed detectable quantities 
of triazines (Anon, 1989). These are but two examples of the mounting evidence suggesting 
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unacceptable contamination of aquatic ecosystems. However, to recognise a problem and to do 
something about it are two entirely different things. 
Organophosphate insecticides have been used for ectoparasite control on sheep for over 20 years, 
yet, in a report Russell (1990) stated: "there is urgent need to improve estimation of the aquatic 
toxicity of current organophosphates." Not only is the aquatic environment (and indeed all facets of 
the environment) vulnerable to chemicals, but the problem is further compounded by human misuse 
of such chemicals. In the same report, Russell pointed out that some 20-30% of Australian sheep 
properties have lice-infected sheep, yet 1.09 lice treatments per sheep were sold each year (4-5 times 
more than was needed). Clearly, not only is there aresponsibility for chemical companies to search 
for safer chemicals but also to put greater effort into consumer education. 
The job of assessing the toxicology of all compounds is daunting. Nimmo (1985) estimated that 70-
100 new chemicals or biologically active compounds receive registration labels in the USA each 
year. While it is true that these compounds are tested, as a requirement for registration, against 
certain species of fish, water fowl and aquatic crustaceans (Daphnia spp., although only recently 
against this last group), at no time has there beenl.l requirement for testing against aquatic insects 
(Agg and Zabel, 1989). However, it is accepted that these same organisms are, in many cases, the 
primary food source for many fish, including sports fish. It was with this in mind that Birge et al. 
(1981) concluded that the reproductive potential of piscine populations may be severely affected by 
traces of toxicants that are harmless or sub-lethal to most adult fish. This same conclusion was drawn 
earlier by USEPA workers (Macek et al., 1976a). It is for these same reasons that UK water 
authorities may require toxicity testing against the mystid freshwater shrimp and mayfly larvae (Russell, 
1990). 
To assess the vulnerability of aquatic organisms to a chemical, the toxicity of that chemical is 
assessed using laboratory bioassay techniques. Such tests provide an assessment of the LC50 or ECso 
values. LC50 is the concentration that is lethal to 50% of the test population, ECso is the 
concentration that shows some defined effect in 50% of the test population (Rand and Petrocelli, 
1985). Unfortunately, many environmentalists, resource managers and the like have taken these 
simple, single species toxicity data and used them in the fonnulation of various standards designed to 
protect the environment or pennit discharge of wastes. 
The validity of this approach has been questioned by many authors. Lee et al. (1982) suggested that 
while this approach might be simple for such organisations as the USEP A, such standards may be 
overly protective and unnecessarily restrictive. Such a statement suggests that, in the view of these 
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authors, pollution control should be practised for the well-being of humans and not the protection of 
an ecosystem (that mayor may not be divorced from the activities of humans). Cairns (1983a & b) 
took an almost opposite view, suggesting that single species tests cannot hope to protect a diverse 
environment. Cairns (1983b) pointed to the vast data base of single species toxicity data accumulated 
between 1945 and 1975 on which the USEPA based its 1976 standards. These standards proved 
inadequate rather than over protective. Cairns stressed the importance of treating an ecosystem as a 
complex unit rather than a collection of individuals. That point was reiterated by Solski and Erndt 
(1987): "each higher organisational level of life is not the sum of the elements of a lower level". 
Recently, there has been a move to relate the traditional LC50 and EC50 values to an environmentally 
meaningful value, such as the EQS or a MATC, that can protect the whole ecosystem (Macek et at., 
1976a & b; Agg and Zabel, 1989). The EQS is set to ensure whole-of-life safety for the most 
sensitive organism present in the aquatic ecosystem and is taken as a concentration measured in the 
environment (Agg and Zabel, 1989). If whole-of-life studies for only a few aquatic species are 
available, then safety factors of up to 10 may be applied to the environmental concentration value to 
allow for the possibility that there are more susceptible species present. If only short term toxicity 
data are available for several species, then this safety factor may be as high as 100 (ie, 0.01 x LC50) 
(Agg and Zabel, 1989; Russell, 1990). 
As well as the well defmed LC50 and EC50 values used to characterise toxicity, various other terms 
and numbers have been, or are, used. The value representing a 50% effect (lethal or sub-lethal) is 
used because it possesses the least statistical variability. However, many researchers choose to adopt 
other values such as the LCI or LC95 (Muirhead-Thomson, 1978; Birge et al., 1981; Gelber, 1985; 
Parish, 1985). 
In chronic bioassay testing, it is common to determine the MATC. The MATC is based on data 
obtained in partial life cycle or complete life cycle tests. The MATC is the estimated threshold 
concentration of a chemical within a range defined by the highest concentration tested at which no 
adverse effect was observed (NOEC - no observable effect concentration) and the lowest 
concentration tested at which some significant adverse effect was observed (LOEC - lowest 
observed effect concentration) (Rand and Petrocelli, 1985; Bamthouse et at., 1987). The MATC is 
therefore a range, NOEC<MATC<LOEC, between the NOEC and LOEC values, both of which are 
subject to experimental design errors. Bamthouse et al. (1987) suggested that the NOEC value is 
particularly nonconservative in that factors resulting in lower test precision (eg, few organisms per 
replicate, few replicates and high between replicate variability) tend to increase the observed NOEC 
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and reduce the level of environmental protection afforded by water quality criteria derived from it. 
These authors suggested an approach based on concentration-response relationships would be 
superior to one based on MATC values, especially since they considered that a MATC derived from 
a single tested species would likely be insufficient to protect untested species. 
Using an application factor (AF) has been suggested as a means of overcoming the above deficiency. 
The AF is the numerical value based on the ratio of the mean of the MATC to the time-independent 
or incipient LCso estimated in a dynamic acute toxicity test. If a time-independent LCso value were 
not available, a time-dependent LCso (eg, 96 h LCso) would be used. Thus, the AF = MATC/LCso. 
The AF was intended to provide an estimate of the relationship between the test material's chronic 
and acute toxicity (Rand and Petrocelli, 1985; Haig et ai., 1989). This value could then be applied to 
aquatic organisms for which a MATC could not, or had not, been derived. The AF is a crude 
variable and indeed its application has been questioned on several occasions (Rand and Petrocelli, 
1985; Marcus et ai., 1988). Haig et al. (1989) noted that the AF that should be used varies from case 
to case, depending on the impact of sedimentation, aeration and microbial action on the toxicity of 
the effluent or toxic compound. 
It must be remembered that toxicity is a relative measure of a chemical's potential to do harm (Rand 
and Petrocelli, 1985) and is influenced by several factors, including: solubility, vapour pressure, 
accumulation, half-life, reactivity and degree of biotransformation. Solubility is highly important. 
Highly water soluble pesticides are more likely to be distributed in aquatic systems (Nimmo, 1985). 
Soluble substances tend not to absorb to organics and are less likely to volatilise, therefore they may 
be more toxic at the point of discharge. On the other hand, they will be more easily diluted and 
dispersed and will generally be less persistent (Nimmo, 1985). 
It has generally been acceptable to use a measure of the log of the octanoVwater partitioning 
coefficient (Log Kow' a measure of hydrophobicity) as an indicator of the potential of a compound to 
bioaccumulate, and indirectly as a measure of its toxicity. Barron (1990) critically evaluated this 
conclusion. Many of the IGRs and, to a lesser extent, some of the synthetic pyrethroids, do not fit 
traditional BCF versus Log Kow curves. He suggested an alternative, conceptual model that views 
hydrophobicity as the principal determinant of bioconcentration, only when other steps in the 
accumulation process are not limiting. An important difference between this model and the 
hydrophobicity model is the consideration that physiological processes can be as important as 
partitioning in determining bioconcentration. 
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The persistence of pesticides in the environment is also an important mediator of their impact and 
can be expressed in tenns of half-life (Rand and Petrocelli, 1985). Persistence is dominated by the 
reactivity of the chemical, eg, its susceptibility to hydrolysis, oxidation and photolysis, and the ability 
of organisms (principally micro-organisms) to transfonn the chemical into harmless degradation 
products. In general, organochlorines are more persistent than organophosphates and carbamates, 
which in tum are more persistent than the IGRs (Nimmo, 1985). Increased persistence can have two 
quite opposite effects on exposed organisms. If levels are lethal, selection may occur for resistant 
strains - the more common occurrence. However, if exposure is to sub-lethal concentrations, 
cumulative toxicity may occur, with decreasing fecundity resulting in subsequent generations (Macek 
et al., 1976a), as indicated for cyromazine (Friedel and McDonell, 1985). 
Very few chemical formulations contain only the active ingredient; most contain wetting agents, 
dispersants, solvents, etc., all of which may influence a compound's toxicity. Marking (1985) 
suggested that a frequent misconception is that the toxicity of chemical mixtures results from simple 
addition or summation of the effects of the various constituents. Instead, toxicity may be affected 
antagonistically or synergistically, or anywhere in between. The degree of this antagonism or 
synergism must be defined and quantified (Marking, 1985). Tenninology has confused discussions on 
this topic, as can be seen from Table 2.9. 
Table 2.9 Terminology used to describe the toxicity of chemical mixtures. 
Greater than Additive Additive Less than Additive 
Synergism Expected action Antagonism 
Supra-additive Simple addition Infra-additive 
Synergistic action Additive action Antagonistic action 
Potentiation Addition Competitive addition 
Positive summation Summation Competitive summation 
Joint action 
Interaction 
It is now recognised that the effects of mixtures should be described as: simply additive, more than 
additive (synergistic), or less than additive (antagonistic) (Marking, 1985). Additive action is the 
most common fonn of m~ture toxicity, greater than or less than additive action is the exception. 
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In more recent times, the emphasis of aquatic bioassays has shifted from toxicity testing of chemicals 
to the use of toxicity testing in hazard (effluent) evaluation, ie, toxicity testing a real effluent that 
may contain a number of toxic components (Bamthouse et aI., 1987; Marcus et aI., 1988; Teixeira 
and Ferreira, 1988; Haig et aI., 1989). 
When pesticides are present in effluents, other contaminants may affect their toxicity in a similar 
manner to formulating compounds such as surfactants and emulsifiers. The toxicity of chemical 
mixtures has led to a new branch of toxicology based on estimating toxicity via quantitative structure 
activity relationships (QSARs) and/or incorporating toxic identification evaluation procedures (TIE) 
(Nirmalakhandan and Speece, 1988; Ankley et al., 1990 and 1991; Amato et al., 1992; 
Ninnalakhandan et al., 1994). 
The QSAR approach has mainly dealt with the toxicity of mixtures containing organic compounds, 
but not pesticides. Nirmalakhandan et al. (1994) concluded that the "QSAR approach can be applied 
confidently for mixtures containing chemicals of a similar action" and that it is "likely that in the 
future water quality standards may be set based on the joint effects of mixtures". However, as with 
most work detailing the toxicity of single chemicals their work was carried out on relatively clean 
effluents, without the likely large influence of organic or mineral matter. For the QSAR approach to 
work and be applicable to a wide diversity of effluents a large amount of further work is required. 
In contrast, the USEPA's approach for TIE is more soundly based on finding the responsible toxic 
component rather than assigning a toxicity to a mixture as a whole, using a mathematical model, as is 
the QSAR approach. The principal of TIE is based on sequentially partitioning (or treating) a sample 
to remove the toxicity from groups or types of compounds. This approach was used successfully by 
Amato et al. (1992) to identify diazinon as the primary toxicant in a complex effluent, and by Anldey 
et al. (1990) to identify ammonia as the primary toxicant in sediment pore water samples. 
Identification and quantification of compound toxicity in complex effluents, such as woolscour 
effluents, may be very important for the industry producing the waste and its ability to meet 
environmental discharge limits. Environmental discharge limits, such as those based on the Ee's 
EQSs, are derived from bioassays where usually a single test species has been exposed to a clean 
water solution of the toxicant in question. For insoluble, lipophilic pesticides, solubilising, non-toxic 
solvents are often used. Such tests are subject to criticism because: 
• toxic compounds are rarely, if ever, present in the environment without the modifying influence of 
suspended dirt or dissolved organic matter; 
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• toxic compounds are rarely present in the environment in the absence of any other possibly toxic 
compounds; and 
• while the solvents used in toxicity testing may be non-toxic in themselves, do they increase the 
toxicity of the pesticide being tested by increasing its bioavailability or increasing its rate of 
absorption? 
2.4.1 Effects of chemicals on organisms 
In general, there are two major areas of pesticide interaction in insects. These two areas involve the 
insect nervous system and the formation of its cuticle (or chitin synthesis). The insect nervous system 
(in relation to the action of pesticides) has been described by several authors (Fest and Schmidt, 
1982; Baillie, 1985). However, it is the formation of an insect's cuticle that more directly concerns 
this study of cyromazine. 
Chitin is surprisingly widely distributed within nature. It is a common wall polymer in fungi and 
green algae but is absent from many higher plants. It is found in most invertebrates but is absent 
among the vertebrates. This distribution has made it an obvious target for insecticides and 
antimycotics (Marks et al., 1982). 
Chitin is a linear polymer, ~-(1,4)-2-acetamido-2-deoxy-D-glucose, forming a fibrous framework 
that is interlocked in insects by a matrix of cuticular protein. It is a crucial constituent of the body 
wall (or exoskeleton) and also occurs in the peritrophic membrane of the gut. Synthesis of chitin and 
deposition of the cuticle are biologically regulated, occurring before and after moulting (Marks et al., 
1982). Production of the peritrophic membrane, which contains large amounts of protein and 
mucopolysaccharides, appears to be a continuous process. 
There remains a paucity of information on the biosynthetic routes involved in chitin formation. Few 
hormones and other controlling mechanisms have been documented, as evidenced by the few 
references on the effect of pesticides on chitin inhibition and disruption (Baillie, 1985). 
2.5 Bioassay procedures 
The objective of traditional aquatic bioassays has been to establish, as precisely as possible, the range 
of chemical concentrations that produce a defined response. It is important that the response be both 
readily observable and quantifiable with regard to a group of organisms belonging to a test species 
and tested under controlled conditions (Rand and Petrocelli, 1985). 
Effects are determined over a range of chemical concentrations for a number of important reasons. It 
is unlikely that the defined response will occur exactly in a set number of test organisms (eg, 50%), 
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particularly over a number of replicates. This simply would not occur through experimental error and 
variability. However, much more important than experimental error and variability is the variability 
inherent within a population. Some members of a population will show much greater susceptibility to 
a toxic substance than the population norm, while others will exhibit much greater resistance. In 
general, this type of variability is small within organisms of the same species (particularly from the 
same location, age and health), and greater between species (Rand and Petrocelli, 1985). All these 
variables lead to an estimate of toxicity, usually defined as a single concentration figure (LCso or 
ECso or some other percentile) with confidence intervals. 
2.5.1 Bioassay test procedures 
The literature concerning bioassay test procedures highlights three major areas of concern, viz.: 
duration of test; type of laboratory test (flow-through, static or plug-flow); and degree of test realism 
(how well does the test predict effects in natural systems?). 
The duration of laboratory bioassays may vary from 24-96 h or even longer to facilitate whole-of-life 
studies. In many instances, duration is species specific, ie, it is easier to monitor the life cycle of some 
aquatic crustaceans than it is to do so with fish species. Toxicity is time dependent, that is, organisms 
can survive high concentrations for short periods and progressively lower concentrations for longer 
periods (Lee et al., 1982; Bailey et aI., 1985; Barnthouse et aI., 1987; Hong et aI., 1988). 
There are potentially two extremes to the argument of test duration. If one thinks of pollution events, 
they can be broadly classified as short duration or long duration events. Short duration events 
include chemical spills. In these situations, organisms may be exposed to toxicant concentrations for 
periods ranging from very short times (minutes) to relatively long periods (days or weeks). On the 
other hand, longer duration events include effluent discharges and, although the discharge may be 
continuous, the presence of toxic chemicals may vary on a day to day basis or may be constant. 
Bailey et al. (1985) investigated the efficacy of using 96 h acute bioassay results for predicting the 
effects of shorter duration exposure. The results from their experiments indicated that data from 24-
96 h exposure periods had limited use in predicting toxicity associated with shorter exposure periods 
(a few minutes or a few hours). Differences in the toxic action of compounds and the rate of 
detoxification and accumulation were cited as problems that resulted in poor correlation of results. A 
modified flow-through test, in the form of a plug-flow test, was investigated but similar experimental 
problems led to poor results. Muirhead-Thomson (1978) also used a modified short duration test 
consisting of exposure to the toxic compound for 1 h and recording mortality 24 h later. 
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Hong et al. (1988) looked at the issue of test duration from the other end of the scale, ie, that 96 h 
tests are not long enough. The reasons for the deficiency of these so-called short-term tests can be 
summarised as follows (Hong et al., 1988). The 96 h test is not useful for chemicals that have 
delayed toxicity or that significantly bioaccumulate. Secondly, time-independent ECso and LCso 
values should be employed. The third reason relates to the dose-time-response relationship. It is this 
final area on which these authors concentrated, outlining a multi-linear model and three-dimensional 
graphic interpretation. This method also incorporates additional information regarding the behaviour 
of test organisms that can be gleaned from time-independent studies. 
Test duration is not only species specific but is also dependent on test procedure: static, plug-flow or 
flow-through. Test procedure, as well as test complexity (dealt with below), are dictated by 
economics. Birge et al. (1981) considered static renewal embryo-larval tests to be a more economic 
procedure than flow-through tests for conducting initial toxicological surveys. However, time and 
cost limitations in the area of the number of exposure concentrations or replicates used can 
significantly affect statistical significance. Rand and Petrocelli (1985) suggested that flow-through 
tests should be used in preference to static test procedures. However, the applicability of such a hard 
and fast rule must be questioned. Some toxicants may exhibit different results depending on the 
method of testing. Indeed, Bailey et al. (1985) demonstrated that six out of ten chemicals tested 
showed greater toxicity under flow-through conditions than they did under static testing. Conversely, 
four out of the ten were more toxic under static conditions than under flow-through testing. These 
authors concluded that static tests were not good predictors of a chemical's toxicity under flow-
through conditions. In general, it was concluded that flow-through exposures were likely to be 
similar or slightly less toxic than static exposures. However, this conclusion could be highly 
misleading if the chemical concerned showed appreciable cumulative toxicity. Metabolites or 
breakdown products may contribute appreciably to the toxicity observed for some chemicals under 
static conditions, while for other chemicals, losses from the test solutions caused by volatilisation, 
absorption and so on, may result in reduced toxicity compared with continuous exposure (Bailey et 
al., 1985). 
Laboratory tests can assume an extra dimension of complexity in an effort to obtain realism. 
'Laboratory' tests have been developed that use artificial streams or miniature ecosystems, termed 
microcosms (Lynch et al., 1982; Woltering, 1983; Larsen et al., 1986; Livingston, 1988). Beyond 
these laboratory tests, bioassays may involve comparisons between field and laboratory exposure 
measurements with the use of experimental ponds and/or artificial substrates (Adams et al., 1983; 
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Clements et al., 1989). The use of these more sophisticated experiments is supported by the 
argument for more realism and thus, by implication, greater accuracy. 
It is now generally accepted that, with a carefully designed experiment, the greater the degree of 
realism built into the test the better will be the result. Where comparisons between single species 
tests, microcosms, experimental ponds and/or field experiments have fallen down in the past is in the 
quality of the experimental work and control (or knowledge) of the system. By inference, the more 
complex the system becomes the poorer is our knowledge or the degree of control that we can 
exercise. Clearly, for most experimental work, a compromise between realism and control is required 
and several experimental factors will dictate the outcome and the qUality of the results. 
2.5.2 Test organisms 
There have been, and continue to be, a variety of organisms used in aquatic bioassays. Several 
factors need to be considered when selecting and handling test organisms. Species representing a 
broad range of sensitivities should be used whenever possible. These species should be widely 
available and abundant, and be representative of the ecosystem that the tests are designed to protect 
(Rand and Petrocelli, 1985). This last point appears one that is most readily overlooked. A vast 
amount of toxicity testing, particularly for new chemicals, is based on bioassay techniques using 
daphnid species. Daphnid species are predominant in lentic environments, whereas most bioassay 
results are applied to lotic ecosystems. Other criteria that should be considered when choosing test 
organisms is their recreational, commercial or ecological importance. Species that can be easily 
maintained in a laboratory environment may prove imperative for some long term tests, especially 
chronic testing (Parish, 1985; Rand and Petrocelli, 1985). 
During collection and transportation, animals should be handled as little as possible and should not 
be collected by chemical or electroshock methods. Parish (1985) suggested containers for fish should 
be circular or elliptical to prevent crowding in comers. Temperature changes should be minimal and 
no greater than a 5 °C gradual change in 24 h. Organisms should be acclimated to laboratory and 
test conditions slowly, fed regularly up to the time of the test and handled as little as possible 
(Chapman, 1983; Parish, 1985). All these factors are aimed at reducing the amount of stress imposed 
on the test organisms, especially fish. 
Rand and Petrocelli (1985) concluded that no standard test species can be used for the protection of 
all environments. Thurston et al. (1985) took this conclusion a little further, suggesting no single 
species can be used for the toxicity testing of all chemicals, basing their reasoning on experiments 
with 10 different chemicals tested against a range of 10 aquatic organisms. Results showed no 
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consistent relative susceptibility among species because of differences in the mode of action of the 
chemicals tested. They concluded that highly toxic chemicals must have a highly specific mode of 
action but are also very specific in terms of the organisms they affect. So, while on the whole they 
may show very low aquatic toxicity, there may be individual groups to which these compounds are 
highly toxic (eg, cyromazine and aquatic dipterans). To increase test realism it has been argued that 
organisms fresh from nature should be used wherever possible, rather than using specimens that have 
been reared in laboratory ecosystems over several generations (Chapman, 1983). 
2.5.3 Water quality 
In addition to test format and duration, test organisms and laboratory variables, one of the more 
significant parameters, and indeed one most readily overlooked, is that of water quality. Water 
quality in bioassay tests includes several additional factors such as toxicant solubility and solvent 
toxicity, biomass:volume ratio and physical/chemical attributes such as dissolved oxygen, pH and 
suspended solids. In long term bioassays, using artificial ecosystems, water quality can change 
through such effects as habitat maturation and the development of algal growth, (Adams et ai., 
1983). Water/sediment interactions may also become significant in simulated habitats or tests where 
natural stream or river water is used. Sediment, either suspended or as a bottom substrate, may 
possess some affinity for the toxicant being tested or may release other toxicants as environmental 
conditions change (Zagatto et al., 1987). Another important factor is bioassay volume. A lack of 
unifonnity in the volume of test solution to organism biomass may be the principal cause of 
discrepancies in results obtained in different laboratories testing the same organisms and chemicals 
(Stratton and Giles, 1990). 
Many chemicals that require biological testing are, at best, sparingly soluble in water. This often 
makes it necessary to formulate stock solutions by dissolving the toxicant in a small amount of 
solvent before making to volume with water. If a solvent is used then a solvent blank should be 
included in the test procedure to ensure any toxic effect of the solvent is accounted for. Parish 
(1985) suggested triethylene glycol (TEG) and dimethyl fonnamide (DMF) should be the preferred 
solvents because of their low toxicity, low volatility and ability to dissolve many organic chemicals. 
Adams et al. (1983) used DMF in their study, but noted that it contributed significantly to Kjeldahl 
nitrogen and nitrate levels. Other solvents, such as acetone and dimethyl sulphoxide (DMSO) can be 
used. The toxicities of these compounds (96 h LCso) to fish are: acetone 9100 mg/l; DMF 10410 
mg/l; DMSO 33500 mg!l; and TEG 92500 mg/l (Rand and Petrocelli, 1985). 
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A final factor to be considered regarding test water is the use of natural water, tap water, de-
chlorinated tap water or reconstituted water. Obviously, if tap water is to be used, it should be free 
of toxic substances such as chlorine and fluorine. Reconstituted water involves the addition of salts 
to demineralised water to fonn a solution of known ionic strength, hardness, alkalinity and pH. Birge 
et at. (1981) considered the use of reconstituted water to be better than natural water. This 
conclusion was primarily based on the assumption that more is 'known' about the reconstituted 
water than its natural counterpart, which may contain toxic heavy metals or pesticide pollution. In 
general, it appears that initial bioassay work designed to obtain some 'ball-park' toxicity figure 
should use well defined dilution water, this may be in the fonn of reconstituted water or high quality 
tap water (eg, bore water). For more complex biological testing, and where more realism is required, 
it is essential that the test water most closely represents the water for which protection is being 
sought; this will generally be the natural water. 
2.5.4 Test protocol 
The easiest way to illustrate the complexity of an aquatic bioassay test and the various parameters 
that need to be considered is to use examples of test procedures as illustrations. Parish (1985) 
provided an outline for conducting a complete acute toxicity assessment, a summary of which is 
presented here. 
• Organisms of unifonn size, age and physiological condition should be selected to minimise 
variability. 
• A temperature controlled room or water bath should be used to accommodate the test containers. 
Artificial lights may be used to simulate a required photoperiod, but their heat output should be 
considered. 
• The minimum number of test animals to be exposed t.O each treatment is 10 for a static test and 20 
for a flow-through test. In general, the more organisms that can be used and the greater the 
number of replicates the better the test results will be. However, the number of tests, and the 
number of test organisms, may need to be optimised for each bioassay. The test organism 
population should be impartially distributed, by adding either two animals (if there are to be 10 
animals or fewer per test chamber) or four animals (if> 10 animals per chamber) to each chamber, 
and then adding two or four more, and repeating the process until the correct number are present 
in each container. 
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• The size (weight and length, or instar) of the test animals should be determined by measuring a 
representative group immediately before the test or by measuring the control organisms at the test 
conclusion. 
• A test is generally not considered acceptable if more than 10% of the control animals die in an 
LCso determination or show the effect in an EC50 test. Apart from this, no correction for control 
mortality (or effect) should be made in calculating toxicity values. However, it is often accepted 
that correction for control mortality is conducted, using Abbott's formulae (Abbott, 1925), on 
data to be analysed by Pro bit analysis. 
• Test solutions in test chambers or in the test material delivery system should not be aerated. 
Materials that are known to deplete oxygen may need to be tested under both aerated and 
unaerated conditions in order to determine the toxicity of the material in adequate and low 
dissolved oxygen concentrations. 
• Test temperature should be within the normal temperature range for the organism being tested. 
• The maximum amount of biomass per litre (loading) is generally 0.5-0.8 gil for static tests and 1-
10 gil of test solution passing through the test chamber in 24 h for flow-through tests. The lower 
loadings are often used at higher temperatures. 
• A range-finding test is almost always necessary when testing a material of unknown toxicity (ie, 
no results are available from previous studies). The aim of a range-finding test is to determine the 
concentrations of test material that should be used in the full-scale, definitive test. Usually, groups 
of three to five animals are exposed to at least three toxicant concentrations spaced at order-of-
magnitude intervals based on a logarithmic ratio (eg, 0.01, 0.1, 1.0, 10.0, 100 mgll). A control is 
also maintained. Ideally, the duration of this range-finding test is the same as that planned for the 
definitive test 
• For the determination of an LCso or EC50 the test animals should be exposed to at least five 
concentrations of the test material or effluent in a geometric progression. That is, the sequence of 
concentrations should be such that the ratio of a concentration to its predecessor is always the 
same, ie, 10,5,2.5, 1.25, and 0.62 ppm. Fewer than 35% of test animals in one treatment (other 
than in the control) should be killed or affected, and more than 65% of the test animals in at least 
one treatment should be killed or affected. 
• Static tests are begun by adding the appropriate amount or volume of test material to the dilution 
water in the test chambers, stirring and mixing, and taking a sample for chemical analysis. The test 
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animals are then added. This should be perfonned within 1 h of adding the test material. Flow-
through tests are similarly begun, with the exception that solutions should be run through 
chambers for a minimum of 1 h to ensure equilibrium has established. 
• The number of dead or affected organisms should be counted every 24±1 h from the beginning of 
the test until its end. Dead specimens should be removed from chambers. During all tests, general 
observations of erratic swimming, loss of reflex, discolouration, haemorrhaging, moulting and 
cannibalism should be quantified and reported . 
• Dissolved oxygen, temperature, salinity or hardness, alkalinity, pH and specific conductance 
should be measured daily. It is often sufficient to use the control solution for this purpose. 
At the tennination of the test, time-dependent (or time-independent if the test is only concluded at 
the cessation of mortality) LC or EC values and their confidence intervals should be calculated using 
recognised procedures. 
2.6 New Zealand freshwater chironomids 
2.6.1 Phylogeny and taxonomy 
Chironomidae is a family in the order Diptera and sub-order Nematocera. The chironomids are 
commonly referred to as non-biting midges or gnats. They superficially resemble mosquitoes, and are 
often mistaken for them, but are unrelated. There are currently seven recognised sub-families within 
the Chironomidae. These are: Tanypodinae; Podonomidae; Aphroteniidae; Telmatogetoninae; 
Diamesinae, Orthocladiinae and Chironominae (Oliver, 1971). Each sub-family, with the exception of 
the Telmatogetoninae, possesses several tribes. In the case of the Chironominae there are three 
tribes present in New Zealand (Winterboum and Gregson, 1989). There are an estimated 90+ species 
of chironomids in over 51 genera in New Zealand (Winterbourn and Gregson, 1989). 
The first New Zealand species were described in 1892 (Hutton, 1901; Freeman, 1959). Hutton 
(1901) reported five genera, including five species of Chironomus. However, he concluded many 
more species were yet to be discovered. By 1959, Freeman estimated that 50-55 chironomid species 
were present in New Zealand. Sublette and Wirth (1980) added nine new species in existing genera 
and proposed eight new genera from their survey of New Zealand's subantarctic islands. They 
attributed a total of 22 species of Chironomidae to these islands, with only four species occurring 
elsewhere and only three on mainland New Zealand. 
The single most common, widespread, chironimid in New Zealand has been referred to as 
Chironomus zealandicus and has been the subject of a large number of investigations, most notably 
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studies by Spiller (1964, 1965), Robb (1966), Spiller and Forsyth (1970) and Graham (1976). All of 
these earlier studies referred to two phenotypes of C. zealandicus based on the presence or absence 
of abdominal tubules on the 8th abdominal segment of 3rd and 4th instar larvae. It has now been 
established that these two phenotypes are indeed separate species and that there may be as many as 
10 distinct species that have previously been assigned to C. zealandicus (Forsyth, 1992, pers. 
comm.). The species present in the Bromley oxidation ponds, previously studied by Robb (1966) and 
referred to by him as C. zealandicus thummi has now been given the tentative species name of 
Chironomus sp.l, subject to formal description. For the remainder of this review I will refer simply 
to Chironomus spp. to signify earlier reference to C. zealandicus. It is likely that much of this 
discussion relates to a large percentage of the individual species of Chironomus, including what is 
now referred to as C. sp.1. 
2.6.2 Chironomid life cycle 
The chironomid life cycle consists of egg, larva, pupa and adult. Eggs are laid in a gelatinous matrix. 
The shape of the mass and the arrangement of the eggs vary in a manner characteristic of each sub-
family (Oliver, 1971) and indeed are often species specific (Credland, 1973b). The various life stages 
of C. spp. were described in detail by Forsyth (1971). A brief description follows. 
• Eggs - these are dark brown and ovoid, contained in an elongated, slightly crescentic, gelatinous 
capsule. Eggs are arranged in a herring-bone fashion and there may be between 300 and 1600 per 
mass. The mass is held by a holdfast at one end to a solid object near the water surface, although 
Spiller (1964) and Graham (1976) suggested it may also be deposited directly on the water 
surface. The mass is 10-15 mm long and only one is laid per female. 
• Larva - mature larvae are bright red, up to 20 mm long with the head capsule slightly longer than 
wide. The red colouration is caused by the presence of haemoglobin and only becomes evident 
after the 2nd ins tar (Robb, 1966). Instars may be separated on the basis of head capsule width and 
body length (Table 2.10) (Robb, 1966; Graham, 1976). First instar larvae are planktonic, whereas 
2nd, 3rd and 4th instars may all live in tubes made from sand particles and detritus. 
• Pupa - may be up to 15 mm long. Thorax and abdomen are dark brown, thoracic respiratory 
organs are composed of a pair of tufts of multi-branched, silvery filaments. 
• Adult - male adults possess a narrower and much more tapered abdomen, which is lighter in 
colour. Male antennae are plumose whilst female antennae are pilose (Robb, 1966). Wing 
venation is typical of the family. 
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Table 2.10 Body lengths and head capsule widths for different instars of 
Chironomus zealandicus. 
Ins tar 
1 st 
2 nd 
3 rd 
4 th 
Body length 
(mm) 
1.5-2.5 
2.5-5.0 
5.0-10.0 
9.0-19.0 
Width of head capsule (mm) 
Graham (1976) Robb (1966) 
0.10 0.06-0.08 
0.19-0.23 0.12-0.15 
0.35-0.43 0.30-0.36 
0.60-0.75 0.58-0.66 
For a relatively large species, the life cycle of Chironomus spp. is remarkedly short, with a 
generation being typically complete within one month in the field in summer and as little as 21 days 
in the laboratory at 22°C (Spiller, 1964; 1965; Robb 1966). All stages of the insect may be present 
at anyone time and various generations may overlap. It may also be difficult to ascertain generations 
in the field (Spiller, 1964; Graham, 1976). 
The first egg masses become common in the field in late spring (OctoberlNovember) (Spiller and 
Forsyth, 1970; Graham, 1976). Robb (1966) found the upper lethal temperature for eggs, in the 
laboratory, was 34°C, but eggs were able to hatch and develop at temperatures down to 4 °c and 
could resist freezing for at least 65 h. All eggs did not hatch simultaneously, with anything from 8-
15 h variation. Above 22.5 °c, egg development was temperature independent, being approximately 
39 h. Below 20°C, a doubling of the development time occurred for every 9 °c change in 
temperature. Forsyth (1971) suggested that, in the field, eggs hatched in about four days at 20°C 
and that larvae remained in the gelatinous envelope for up to 48 h before swimming freely. 
The aquatic larval stage of Chironomus spp. occupies approximately 90% of the life cycle (Robb, 
1966). First instar larvae are colourless and lack ventral tubuli on the 8th abdominal segment 
(Forsyth, 1971). As with other larval Chironomini, first instar larvae of Chironomus spp. are 
planktonic and light sensitive. They move through the water by threshing their bodies in a figure-of-
eight movement and are indistinguishable from other chironomid 1st instar larvae (Forsyth, 1971; 
Graham, 1976). Spiller (1964) considered that the free-swimming 1st instar was the stage during 
which any major dispersal took place. Below 8°C, larvae did not develop past the 1st instar in the 
laboratory, the minimum temperature for succesful growth being somewhere between 8 and 12°C 
(Robb, 1966). 
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According to Spiller (1964), 2nd instar larvae were the first to construct a tube. However, Forsyth 
(1971) suggested that 1st ins tar larvae settle on the substrate and construct a tube in which they 
moult. This tube is then vacated and a new one constructed by the 2nd instar larvae; subsequent 
ins tars use this same tube. Second instar larvae begin to develop the characteristic species red 
colouration and ventral tubuli become apparent (Forsyth, 1971). The tubes in which the larvae live 
are constructed of mucus and debris and may be either in the sediment or on the surface of stones or 
other substrate. Robb (1966) found 4th instar larvae could survive in water at 3-4 °C, provided 
adequate dissolved oxygen was present but could only survive down to 7°C when the dissolved 
oxygen level was 2 ppm. The ability to withstand even these relatively low oxygen concentrations is 
a function of the erythrocruorin possessed by older larvae. Late 3rd and 4th instar larvae make up the 
bulk of any overwintering population (Robb, 1966; Graham, 1976). 
Larvae feed by creating a net of mucus and circulating water through it by undulations of their body 
(Spiller, 1964; Forsyth, 1971). However, Graham (1976) suggested that the larvae may graze the 
sediment but he was unsure as to whether they filter or deposit fed. 
Robb (1966) observed that pupation was initiated by a rise in the water temperature to ;;:: 13- 0c. 
However, Forsyth (1986) observed emergence at temperatures below this. Just before pupation, 
most larvae were claimed to undergo a mass limnetic (free-swimming) movement when most vacate 
their tubes for several hours. The larvae then return to a vacant tube to pupate (Forsyth, 1971). 
However, some pupae have been observed to lie free on the surface of the substrate (Spiller, 1964). 
The period between the onset of pupation and emergence at temperatures between 22.5 and 30°C 
was approximately 18 h and a few hours longer at 15°C (Robb, 1966). During this time the 
rudimentary tracheal system of the larvae becomes extensive and pupal rising is facilitated by oxygen 
adsorption into the tracheal filaments on the prothorax. 
According to Spiller (1964), the emergence of adults appeared synchronised over one or two nights, 
a period much shorter than expected from random maturation. He suggested that the moon may 
serve to synchronise this phenomenon. If this were so it would explain the very long period of time 
(30 days) during which emergence was observed in the laboratory cultures of Robb (1966). The 
cultures were reared under artificial light and not subject to the influence of moonlight. 
Upon first emergence, adults are larger and redder than adults several hours old (Graham, 1976) and 
sit on the surface of the water for a few minutes before flying to shore (Spiller, 1964). Initial flight is 
weak and usually with the wind. Upon reaching the shore, the adult will remain in the cover of 
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vegetation and debris until evening, when it becomes active. Spiller (1964) believed that many 
females were mated on the ground or in the foliage at this time. 
Males start to fly at dusk and, if sufficient numbers are present, fonn swarms, spirals or columns, 
which although moving, essentially remain over the same spot. Very often a slight thermal is 
associated with this area (Spiller, 1964). The swanning behaviour, so typical of chironomids, occurs 
for C. zealandicus when there is little wind and temperatures are between 13 and 26°C (Robb, 
1966). Graham (1976) suggested that swanning occurred between dusk and dawn, but Forsyth 
(1971) suggested that swanns occurred at dusk and dawn. Swanns are often attracted to lights and 
this is why the family causes a nuisance. However, certain colours, most notably red, are strongly 
avoided (Spiller, 1964). Unmated females usually enter the swann and are mated and fall in copula 
from the swarm to the ground. 
The length of the adult life varies but an average of three to four days and a maximum of seven to 
eight days has been suggested (Spiller, 1964). Adults do not feed. 
Chironomus spp. in New Zealand (almost certainly including C. zealandicus) produce a minimum of 
two or three generations per year in the field (Graham and Bums, 1983; Forsyth, 1983). There is 
usually an absence of early instar larvae in winter, as well as a lack of adults. The first swannings 
may occur in October but the emergence of the overwintering cohort has been suggested to continue 
through November (Graham, 1976). Chironomus spp. numbers may increase dramatically, with 
maximum production usually occurring in October, November and December (Forsyth, 1986). 
Spiller (1964) theorised that a single egg mass in a suitable locality could produce 500 000 adults in 
two generations a 200 000 000 progeny within two months. 
2.6.3 Toxicity testing and rearing of chironomids 
Chironomids have been evaluated in toxicity tests for two reasons: to find a means of minimising 
their nuisance and economic effects (Patterson and von Windeguth, 1964; Karnak: and Collins, 1974; 
Joshi et al., 1975; Mulla et al., 1975; Macek et al., 1976a and b; Miura and Takahashi, 1976; Ali, 
1981) and, much less frequently, in a response to a recognition of their ecological importance, 
particularly as fish food (Dewey, 1986; Vardia and Rao, 1986). In addition, the worth of using 
chironomids as indicators of pollution has been investigated (Suckling, 1982; Losos, 1984) but, 
according to Pinder (1986), this was still poorly understood. 
It has been recognised that the age of chironomid larvae is important during toxicity testing. Vardia 
and Rao (1986) recognised that 1st instar larvae were apparently more sensitive than the 3rd instar 
larvae, on which their work was based, and Pinder (1986) suggested that toxicity testing on older 
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larvae may significantly underestimate the sensitivity of the species. Assessment of death may be 
difficult with chironomid larvae, further complicating a test However, movement patterns, either in 
response to stimulation (prodding) or 'natural' movements within a simulated (glass) tube, have been 
used to overcome this problem (Stephenson, 1982; Batac-Catalan and White, 1983). 
In the field, not only is larval mortality important, but also emergence may be significantly 
suppressed. The abundance of emerging adults of Labrundinia pilosella (Fittkau) was significantly 
reduced by atrazine concentrations as low as 20 ppb in community bioassays (Dewey 1986). This 
figure is one order of magnitude lower than that previously reported for a chironomid, C. tentans 
(Fabricius), by Macek et at. (1976b) in a single species laboratory toxicity test and almost two orders 
of magnitude lower than a figure reported to prevent C. tentans development past the 2nd instar 
(Pinder, 1986). Miura and Takahashi (1976) reported that chironomid populations were depressed 
and emergence inhibited by synthetic pyrethroid activity. The IGR diflubenzuron showed little effect 
on chironomid numbers 15 days after treatment. However, other studies (especially in warm water) 
showed a decline in less than two weeks (Mulla et al., 1975). They observed suppression of 
emergence for 4-15 days, but again recognised that other studies had reported that the same effect 
may last up to 4-8 weeks. 
In the Class Insecta, according to Vardia and Rao (1986), chironomids were intermediate in 
susceptibility to pesticides. However, Karnak and Collins (1974) considered that larvae of the 
chironomid C. tentans were very susceptible to representatives of organophosphate, organochlorine 
and carbamate pesticides, all of which were toxic in the ppb range. They concluded that this 
susceptibility may be a function of the low activity of the mixed function oxidase system. Of two 
organophosphates and two organochlorines tested by Joshi et al. (1975), endrin was the most toxic 
(24 h LC50 = 13 ppb) and DDT the least (24 h LC50 = 75 ppb). It was noticeable that, during testing, 
the red colour of the larvae was lost when tested with organochlorine compounds, but not when 
organophosphates were used. Macek et at. (1976a and b) noted that C. ten tans exhibited cumulative 
toxicity to both atrazine and lindane through successive generations. Not only were lethal effects 
observed but atrazine also produced reduced hatching success, larval mortality, development 
retardation and reductions in the numbers of organisms both pupating and emerging. They concluded 
that C. tetans was one of the most sensitive species tested and extremely suited as a bioassay 
organism for evaluating the chronic toxicity of chemicals. Other workers have also noted the 
susceptibility of chironomid species to chemicals, in particular organophosphates and pyrethroids 
(Patterson and von Windeguth, 1964; Ali, 1981; Stephenson, 1982). 
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Bioassays may be achieved easily with chironomid larvae and require little specialised equipment. 
Ali (1981) conducted tests in waxed paper cups containing 10 larvae, 100 ml of tap water and 5 g of 
sterilised sand. Each test consisted of five or six triplicated chemical concentrati(;ms and three 
controls. Each test (chemical) was conducted three times. With the rapid generation time of many 
chironomids it is not only possible to conduct short tenn acute toxicity tests, but longer, chronic 
tests may be perfonned, as outlined by Macek et al. (1976a and b). Because chironomids inhabit 
both lotic and len tic environments it is also desirable to test organisms under static and flow-through 
conditions. Rearing tanks used by Credland (1973a) may be suitable for more realistic bioassays, 
without going to the expense of artificial ecosystems as presented by Dewey (1986). 
In order to be able to conduct successful bioassays, it is necessary to have a ready supply of test 
organisms. This supply can be achieved by taking larvae from the field but problems arise due to age 
differences, stress (both prior to collection and as a part of the collection), and many other factors. 
Many of these factors can be overcome if the desired organism can be reared in laboratory cultures, 
providing a known environment and larvae of known age. Fortunately, it appears that for 
chironomids the process of rearing larvae is not difficult and indeed it has been possible to breed 
chironomids in the laboratory. 
Spiller (1964) and Robb (1966) both reared larvae of C. spp. for use in bioassay work. 
Unfortunately, no details of Spiller's methods are available, other than that aquariums filled with 
water and employing an aerated sediment of scoria were used (Scott, pers. comm. 1991). Robb 
(1966) also used aquariums through which water of set temperature was circulated; 2 cm of sand 
was used as a substrate. Larvae were fed a commercial fish food every two days, this food contained 
80% meat, 12.5% minerals and 7.5% egg and cod liver oil. 
The most detailed accounts of chironomid rearing experiments have been provided by Biever (1971) 
and Credland (1973a). Biever investigated the effects of diet and competition during laboratory 
rearing of chironomid larvae. Approximately 4 ml of water per larva was considered optimum. 
However, this related to the area of substrate, which was not recorded. Credland (1973a) established 
penn anent cultures of C. riparius Meigen. This species will mate in confined areas and does not need 
room to swann. He maintained cultures for three and a half years or approximately 50 generations. 
The apparatus consisted of flow-through troughs, although it was necessary to provide areas of still 
water (or eddy wa~r) in order to obtain successful emergence. Boiled mud proved to be the best 
substrate, although the incorporation of filamentous algae meant that twice as many larvae as 
previously reared could be supported in the same area. During the three and a half years cultures 
were maintained, it was unnecessary to change either the water or substrate. A proprietary fish food 
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(,Tetramin') was added at the rate of 0.5 gin 3.81 of water twice a week; two 100 W light bulbs, 
approximately 1.2 m from the troughs, provided ideal light. 
In cultures where mating and oviposition can be achieved. colonies may be initiated with any life 
stage. However, for many species it is not possible to complete the life cycle and thus cultures must 
be frequently reinitiated. In these cases and indeed in other cases, for simplicity, the best way to start 
a culture and also be sure of its mono specificity is to use eggs. Chironomid egg masses are often 
species specific and their identification may be quite simple in the field. These egg masses can often 
be easily obtained, particularly where they are attached to a holdfast. 
Credland (1973b) described a simple method of collecting eggs in the field. A long piece of string is 
threaded through a number of bored corks at 10-15 cm intervals. This can then be anchored at each 
end by a weight. Pieces of filter paper or white blotter paper are attached to each cork such that one 
end just dangles in the water. After 24 to 36 h the assembly may be collected and the eggs removed, 
new paper may be attached and the sampler re-set or the entire assembly removed for later use. 
2.7 Analysis of pesticides in woolscouring effiuents and on wool 
The analysis of a compound in a complex sample matrix is a two-stage process; the sample 
preparation and the analysis (quantification) itself. Indeed, sample preparation may be further divided 
into two component parts; the extraction and the clean-up. 
Extraction removes the compound, or compounds of interest, into a medium suitable for further 
manipulation. Extraction is generally carried out in order to partition lipophilic pesticides into non-
polar solvents, in which their solubility is greatly increased and therefore into a matrix in which they 
will be stable during the clean-up phase. Extraction is usually also the first clean-up stage: for 
instance, polar contaminants in aqueous samples will not partition into the non-polar solvent used to 
extract most pesticides. 
Clean-up, per se, is the manipulation of a complex sample in such a manner as to obtain the analyte 
in a form that: 
• is physically correct, ie, the sample is volatile enough for gas chromatography (GC); 
• is chemically correct, ie, the sample may require alteration (derivitisation) into a form that is 
readily detected by an instrument; 
• protects the analytical instrument from contamination or damage, ie, water must be removed from 
samples to be analysed by GC; 
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• is concentrated enough for detection; 
• removes any interferents, eg, co-eluting compounds. 
Sample preparation is influenced by the sample matrix (solid, liquid, whether polar or non-polar, or 
gas), the nature of the analyte (pesticides are generally lipophilic), the method of analysis and finally 
the required accuracy, precision and limit of detection. These last three points are also greatly 
influenced by the analytical method used. 
In determining the fate of sheep ectoparasiticides during woolscouring, it is necessary to be able to 
analyse the compound of interest on wool (both greasy and scoured) and in woolscouring effluents 
(flowdown liquor, rinse water and possibly also woolgrease). All of these samples represent complex 
matrixes, which increase the problems associated with sample preparation and analysis. Some of the 
problems that must be overcome in order to be able to analyse pesticides in woolscouring related 
samples may be summarised as follows. 
• Woolgrease - This is a complex mixture of waxes (cholesterols) in various stages of chemical 
degradation (weathering). In general, woolgrease is composed of non-polar, lipophilic esters 
incorporating a mixture of sterols, aliphatic alcohols, and diols combined with straight chain, 
branched and hydroxy fatty acids (Stewart, 1988). However, degradation and/or weathering 
products may also be soluble in polar solvents. The molecular weights of woolgrease components 
range from <200->1000 Daltons. The broad molecular weight range and polarity mean that some 
components of woolgrease will always be present in samples and may interfere with normal clean-
up procedures. Isolation of lipophilic pesticides from woolgrease will be greatly influenced by 
similar polarity and, in some cases, molecular weight. 
• Suint - This has been defined as the water-soluble fraction of the fleece (Stewart, 1988) but is 
more accurately defined as the secretions of the sweat and sudiferous glands of the sheep. Suint 
will be a major contaminant of greasy wool samples ("",6% on weight of wool) and flowdown 
liquor. Suint is composed largely of potassium salts of organic acids, with potassium accounting 
for 90% of the cations present on greasy wool (Stewart, 1988). The high potassium content of 
any liquors containing suint may significantly affect the behaviour of ion-exchange resins. 
• Proteins - Wool is composed of a number of proteins. Protein fragments may be released from 
damaged portions of the fibre during sample extraction (of wool) or aqueous scouring. Such 
proteins are generally characterised by their sulphur content and molecular weight (Maclaren and 
Milligan, 1981). Most intact proteins have molecular weights in excess of 9000 Daltons and 
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should not cause a serious problem in sample clean-up. However, a number of wool proteins have 
functional groups (associated with their amino acids, see below) that may bind with pesticides or 
clean-up columns (especially ion-exchange columns) under certain conditions of pH, temperature, 
and ionic strength. 
• Amino acids - Wool proteins are composed of 18 amino acids (Maclaren and Milligan, 1981), 
which can certainly be released from the degraded fibre. Amino acids may possess amide, amine, 
carboxyl and thiol functional groups, which can invariably complex with pesticides and clean-up 
columns. These functional groups may also affect the detection of some pesticides, eg, the amide 
or amine groups of some amino acids contaminating a sample being analysed by a nitrogen 
phosphorus specific (NPD) GC detector may result in a noisy chromatographic baseline and loss 
of sensitivity. 
• Mineral dirt - This is derived from the natural weathering of soils and rocks and contaminates the 
fleece (",,6% on weight of wool) (Stewart, 1988). Dirt is present in greasy wool samples and 
flowdown liquors at high concentrations and in rinse water at relatively low levels. Mineral dirt 
can usually be readily removed by filtration or centrifugation. However, some pesticides may ~ind 
to the soil, resulting in losses, or some colloidal soil particles may be physically difficult to remove 
and may possess a high cationic exchange capacity which may interfere with subsequent clean-up. 
• Binding of pesticides - As it is possible for pesticides to bind to other contaminants, it may also be 
possible for them to bind to the sample matrix itself, ie, the wool or woolgrease. In this case, it is 
necessary for the pesticide of interest to possess a greater affmity for the solvent used for the 
initial extraction in comparison to the sample matrix. This is often achieved by repeatedly 
extracting the analyte in a clean solvent 
• Surfactants and emulsifiers - These compounds are generally used in pesticide formulations and 
may stabilise the solubility of a non-polar compound in an aqueous sample. In the analysis of 
woolscouring effluents, this problem is compounded by the use of high concentrations (0.5 gil) of 
nonionic detergents in the scouring process. The primary aim of these detergents is to remove the 
lipophilic woolgrease (and therefore the associated pesticides) from the fibre and stabilise the 
contaminants in the aqueous phase. Flowdown liquors are highly stable water-in-oil emulsions 
with a very small emulsion droplet size. Breaking this emulsion is very difficult and makes sample 
clean-up highly convoluted (peaker et aI., 1991a). 
The problems of analysing cyromazine on wool and in woolscouring effluents are further 
compounded by the limited international experience in routinely analysing these types of samples 
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(there are three or four laboratories worldwide presently analysing greasy wool and woolscouring 
effluents for pesticides, but few, if any, are doing it routinely) and the unique chemical properties of 
the samples and of cyromazine; most notably the polarity of the latter. 
The remainder of this chapter reviews the limited literature available on the analysis of wool and 
woolscouring effluents for pesticides and the analysis of s-triazines in solid and liquid samples, with 
particular reference to cyromazine, where work has been reported. This section is divided into four 
further sub-sections: extraction of solid samples; extraction of aqueous samples; clean-up of extracts; 
and analysis of pesticides. It must be noted that all published clean-up techniques for wool and 
woolscouring effluents are designed for non-polar, lipophilic compounds and all other triazines are 
significantly less polar than cyromazine, which is very stable and relatively chemically inert. 
2.7.1 Extraction of solid samples 
Before a pesticide can be extracted from a sample, it is often necessary to obtain a representative 
sample for analysis. Variations in wool (and wool contaminants) can occur between animals within a 
flock, between different flocks from the same or different farms, and may even depend on where on 
the sheep the wool was grown (ie, the belly, back, side or crutch). Sampling may be achieved by 
taking grab samples from a scourment (usually made up of wools from a number of farms) and then 
sub-sampling this by blind hand grabs or mechanical mini-coring prior to analysis. This type of 
sampling has been used in recent work investigating pesticide residues on wool (Rankin et ai., 1989; 
Greene, 1993). Mini-cores are routinely used by test houses for the sampling of wool for objective 
measurement of colour, fibre diameter, bulk and other tests (Stewart, 1988). 
Peaker et ai. (1991a & b) used Soxhlet extraction with dichloromethane (DCM) to remove 
organochlorine, organophosphate and pyrethoid pesticides from greasy and scoured wooL Soxhlet 
extraction is based on repeatedly flushing the sample with hot, clean solvent under reflux. Repeated 
equilibria are set up between the sample, held above the solvent reservoir in a Soxhlet barrel, and the 
refluxed, and thus pure, solvent Over time, the Soxhlet barrel fills with solvent, until a siphon drains 
the barrel and the cycle repeats. Hot solvents can result in the decomposition of some heat labile 
pesticides and small losses of some volatile compounds may occur out the top of the reflux 
condenser. Soxhlet extraction, using DCM, is the basis of the International World Textile 
Organisation (IWTO) standard test for residual grease on wool (IWTO TM -10-62(E». Soxhlet 
extraction tends to use large amounts of solvents which can dramatically increase both analytical 
costs and disposal problems, the latter if chlorinated solvents are used. 
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It has been suggested by the manufacturers of supercritical fluid extraction (SFE) equipment that 
SFE may replace solvent (Soxhlet) extraction in the future. The speed of SFE is usually much greater 
than Soxhlet extraction (30 min against, typically, 4 h) and this is SFE's major attraction. However, 
at this stage, SFE equipment is very expensive and few, if any, documented methodologies are 
available. Janda et al. (1989) used SFE succesfully to extract s-triazines from 500 mg sediment 
samples. Carbon dioxide (C02) was used as the supercritical fluid at 230 bar at 48 °C for 30 min. 
Only 18 ml of CO2 was used per extraction. The extracts were trapped in methanol and were ready 
for direct injection into a high pressure liquid chromatography (HPLC) system. It was necessary to 
add 20 JlI of methanol directly to each cell as a modifier (of CO2 polarity) in order to increase the 
recovery of simazine. Recoveries were >90% for all compounds. 
Battista et al. (1988) eluted triazines directly from columns containing soil, using acetone as a 
solvent. Eluted triazines were subsequently trapped on a strongly cationic exchange (SCX) cartridge 
in series, from which they were later eluted before analysis. Acetone was then replaced with 
potassium chloride (KCl) saturated methanol which was used to desorb chemically bound residues 
that the acetone had been unable to remove from the soil. 
Bardalaye et al. (1987) extracted cyromazine and melamine from Chinese cabbage using 
methanol:water. Plant samples were macerated in a blender with the methanol:water for 2 min. 
Extracts were then transferred to a round-bottom flask and refluxed for 3 h. This refluxing step was 
found necessary to ensure good recoveries of both compounds. Refluxed samples required further 
clean-up before analysis. 
Solvent extraction was also incorporated in the USEPA approved method for analysis of cyromazine 
and melamine residues in food and animal tissue developed by Ciba-Geigy, Greensboro, NC (Anon, 
1986). Residues of cyromazine and melamine are extracted from animal tissue with acetonitrile:water 
(9+1) and from eggs with methanol:water (9+1). Further clean-up is then provided by Sep-Pak™ 
filtration and ion-exchange (Anon, 1986). In a separate method decribed in the same document, 
cyromazine and melamine were extracted from crops by refluxing with methanol:water (9+ 1), with 
further clean-up by liquid:liquid extraction and anion exchange. 
2.7.2 Extraction of liquid samples 
It is becoming increasingly important to be able to analyse aqueous effluents and natural waters for 
pesticide contamination. The EC directive for drinking water sets the maximum allowable 
concentration of 0.1 Jlg/l for any individual pesticide in water intended for human consumption and 
the total of all pesticides must be below 0.5 Jlg/l (Hance, 1990). Standards such as these have meant 
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a greater emphasis has been placed on the analysis of water for pesticides, but have not addressed the 
difficulties of accurately measuring such low levels. 
Traditionally, lipophilic pesticides have been extracted from water using liquid:liquid extraction and 
partitioning into an immiscible solvent. More recently, solid phase extraction (SPE) has been used. 
Solid phase extraction is achieved by passing a quantity of water (or aqueous effluent) through a 
small (usually disposable) cartridge packed with a suitable absorbent. The sorbent traps the 
compounds of interest, which are then removed from the cartridge by subsequent flushing, using a 
non-polar solvent. Neither liquid:liquid nor SPE is capable of extracting polar compounds from polar 
solutions unless a chemical interaction, such as ion-exchange, is used. Both methods also suffer in 
that other lipophilic contaminants will be extracted with the lipophilic pesticides (or cationic 
contaminants with cationic pesticides if cationic ion-exchange is used) thus, extracts often require 
significant further clean-up. 
Peaker et al. (1991a & b) used DCM:ethanol to extract organochlorine-, organophosphorus- and 
pyrethroid-based pesticides from woolscouring waste waters, with the pesticides partitioning into the 
DCM. However, such an extraction can produce a very stable emulsion that may prevent the phases 
separating effectively. A stable emulsion may form due to the high amount of woolgrease that is co-
extracted from the sample with the pesticides, requiring extensive further clean-up (peaker et aI., 
1991a & b). 
Both Bardalaye and Wheeler (1986) and Schuette et al. (1990) used SPE for the isolation of triazine 
herbicides from clean natural waters. Bardalaye and Wheeler (1986) isolated triazines from water 
using C-8 cartridges followed by desorption with 2-propanol. Schuette et al. (1990) used C-18 
cartridges containing 1.0 g of absorbent in 6 ml polypropylene tubes to extract triazines from well 
water. Sample ionic strength and pH were adjusted to standard values and 500 ml samples were 
drawn through the columns and the triazines eluted with 2 x 3 ml of DCM. Both C-8 and C-18 
cartridges are hydrophobic and will thus remove hydrophobic (lipophilic) materials from hydrophilic 
(aqueous) solutions; their affinity for polar compounds is negligible. Neither researchers' samples 
eluted from their SPE columns required further clean-up because of the low level of contamination in 
the water samples they collected. 
2.7.3 Clean-up of extracts 
As indicated in the previous sections, once the pesticide/s have been extracted from the sample 
matrix it is generally necessary to clean-up the extract in order to produce a sample suitable for 
quantification. Sample clean-up can be achieved by further solvent partitioning, physical clean-up by 
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filtration or centrifugation, SPE (expecially ion-exchange) or various chromatography techniques 
including thin-layer, preparative HPLC or gel permeation (GPC, also referred to as size exclusion). 
In addition, sweep co-distillation has found favour in the past for the clean-up of samples containing 
high levels of wool grease (Peaker et ai., 1991a & b). However, Jones (1992) suggested that this 
method had a number of deficiencies and he would not recommend its use. Some of the problems 
cited by Jones were: sweep co-distillation does not give quantitative pesticide recoveries, particularly 
for some pyrethroids; the analyte solutions produced contain small amounts of volatile woolgrease 
components and non-volatile woolgrease esters that produce significant background noise, peak 
broadening and drifts in retention times. 
Jones (1992) and, more recently, Greene (1993) suggested that GPC should be the method of choice 
for analysis of samples containing woolgrease (ie, extracts of wool and woolscouring waste waters). 
Jones (1992) claimed recoveries ranging from:::::: 70 to 110% for all pesticides likely to be found in 
woolgrease (but did not analyse for cyromazine). Greene (1993) attempted to repeat this work on 
both greasy wool samples and wool scouring effluents, the results suggesting somewhat lower (and 
more variable recoveries) for some of the later eluting compounds, such as cypermethrin and 
deltamethrin. Greene also indicated that possible contamination of the GC and especially the electron 
capture detector (ECD) detector may be a significant problem. Both Greene and Jones processed a 
limited number of samples. 
Work being carried out on this method at WRONZ suggests that it is not robust enough for routine 
analysis of a large number of samples (Robinson and Joyce, unpublished). It has been found that a 
significant amount of woolgrease components carry over into the analyte solution and contaminate 
the GC column, resulting in peak broadening, a drift in retention times and loss of sensitivity. Such 
results are not surprising when it is considered that woolgrease is a mix of compounds with 
molecular weights ranging from ::::::200 to 1000 Daltons and that the pesticides of interest have 
molecular weights in the range 280 to 510 Daltons. Separation by size, or molecular weight, is 
unlikely to be very efficient 
Durand et ai. (1989) found that Florisilnt gave better results, cleaner samples and generally greater 
recoveries than GPC for the isolation of triazines, their degradation products and organophosphates 
from soil. However, the standard deviation of Florisilnt clean-up was slightly greater than GPC due 
to more stable flows and accurate fractions attainable by GPC equipment. Haj~lov~ et ai. (1990) 
used C-18 cartridges as a clean-up of samples of s-triazines in milk prior to HPLC. These authors 
found it was necessary to prewash the columns with 0.1 % pyridine in diethyl ether to eliminate active 
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acidic sites which could cause irreversible sorption of methylthio derivatives of s-triazines. Beilstein 
et at. (1981) analysed triazines in bacterial and fungal cultures after removing protein interferences 
via treatment with perchloric acid (0.5 M [mal concentration) and removing the precipitated proteins 
via centrifgation at 23 000 g for 20 mins at 4 °C. Solutions were subsequently neutralised with 1 M 
potassium hydroxide and the precipitated potassium perchlorate (KCI04) removed by re-
centrifuging. 
Battista et at. (1989) used a strong silica-based benzene-sulphonic acid SCX cartridge in association 
with a graphitised carbon black (Carbopack B) to isolate triazines from soil and vegetable extracts. 
These authors used a solvent mix of DCM + acetonitrile to remove the triazines from the Carbopack 
B cartridge and readsorb them on the SCX cartridge, from which they were eluted using methanol 
saturated with potassium chloride (KCI). DCM:methanol was shown not to be as effective as 
DCM:acetonitrile, as it was claimed that methanol could adsorb to acidic adsorption sites of the SCX 
cartridge, via hydrogen bonding, and thus compete with the less basic triazines, such as propazine. 
The more basic triazines were unaffected by the use of methanol in place of acetonitrile. 
All the triazines studied by Battista et at. (1989) were significantly less basic than cyromazine, 
ametryn being the most basic compound tested. Cyromazine would therefore be unaffected by the 
use of methanol as a solvent in cationic exchange using these cartridges. These authors concluded 
that acetonitrile was sufficiently polar to displace triazines from the active centres of the Carbopack 
surface, while its low capacity for forming H-bonds meant it was unable to compete with the 
triazines for adsorption on the SCX cartridge. Water was also shown to compete with the less basic 
triazines for adsorption on the SCX cartridge. 
However, the solutions tested by these authors were not acidified and thus the triazines were not 
protonated, and under these conditions the affinity of the triazines for the SCX cartridge would be 
much lower than if the pH of the solution was low, say pH 2-3. They suggested that it was possible 
to restore the SCX cartridges and use them a number of times. Restoration was achieved by passing 
4 ml of 0.12 MIl hydrochloric acid (HCI) in methanol, then 2 ml methanol, followed by 1 ml of 
acetonitrile, sequentially through the SCX bed. Mter six water extractions/restorations, recovery of 
analytes was unaffected. 
Bardalaye et at. (1987) also used SCX cartridges for the clean-up of cyromazine and melamine in 
Chinese cabbage extracts. Extracts were first acidified by the addition of 0.2 M HCI then sequentially 
washed with DCM and hexane, with the acidic aqueous phase being retained in each case. The 
volume of the aqueous phase was corrected and its pH adjusted to 3.0, using I M sodium hydroxide 
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(NaOH) if necessary. An aliquot of this aqueous solution was loaded on an SCX cartridge. The 
cartridge was then washed using methanol (1 ml) and the analytes were then recovered using 2 ml of 
ammoniacal methanol (20% 880 ammonia solution in methanol). Recoveries were consistently better 
than 80% for this method, with standard deviations in the range 6-9%. 
Ciba also utilised ion-exchange in their USEPA approved methods for cyromazine and melamine 
residues (Anon, 1986). However, these methods tended to use self-packed columns which may be 
subject to greater variation in quality and performance than commercially available pre-packed SPE 
cartridges. The Ciba methods also utilised both an anionic and cationic column in series, with the 
cyromazine and melamine being eluted from the cationic column with ammoniacal methanol. 
Recoveries for these methods were generally greater than 70% and usually better than 85%. 
2.7.4 Analysis of samples 
The method of analysis of pesticides is generally dictated by their chemical and thermal stability, 
boiling point, vapour pressure, and detectability. It is no good analysing a compound by HPLC and a 
UV detector if the compound does not give a strong UV signal; likewise a GC detector, such as the 
ECD which responds well to halogenated compounds, would be unsuitable for analysing a ilon-
halogen containing compound. Extensive reviews have been written on the various analytical 
methodologies available to the pesticide analyst (Hamilton and Sewell, 1982; Smith, 1988; Guiochon 
and Guillemin, 1990; Barcelo, 1991; Cooks et at., 1991). 
Pesticides found on wool and in woolscouring waste waters have generally been analysed by Gc. 
The ECD detector has been used for those compounds possessing halogenated moieties, ie, the 
organochlorine- and pyrethroid-based insecticides, whereas the NPD (or thermionic) detector has 
been used for the organophosphates. Both detectors are highly sensitive but are prone to 
contamination if dirty samples are analysed. 
Either GC or HPLC may be used for some compounds. In these cases, the decision on which method 
to use is related to ease of use (including necessary extraction and clean-up) and detection limit. 
Triazines appear to illustrate this point: approximately equal numbers of papers report the use of 
HPLC and Gc. However, GC with NPD or mass spectrometric (MS) detection appears to give 
significantly better sensitivity. Bardalaye and Wheeler (1986) reported detection limits of 0.1-10.0 
ppb (JlglI) for GC-NPD. However, Bardalaye et al. (1987) reported limits of detection of 
cyromazine and melamine of 0.1-1.0 mg/kg (ppm) for packed column GC analysis of Chinese 
cabbage extracts. Hajslova et al. (1990) reported detection limits of triazines in milk of 0.2 Jlg/kg 
(ppb) for both capillary GC-NPD and GCIMS. This detection limit was one order of magnitude 
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better than HPLC-UV and samples for HPLC required additional clean-up. The limit of detection for 
the USEPA-approved Ciba methods for cyromazine and melamine was 0.05 ppm (50 ppb), based on 
HPLC-UV detection (Anon, 1986). 
Bardalaye et al. (1987) noted that rapid deterioration of their specially packed column occurred 
when analysing cyromazine and melamine, such that a new column had to be prepared every two 
days. The cause of this deterioration was not clear. Toth and Bardalaye (1987) did not experience 
this problem with their capillary GC column. However, it may be that they did not run enough 
samples for the problem to show up (Toth, J.P., pers comm., 1993). 
Triazines may also be detected by their inhibition of Hill's reaction in isolated chloroplasts, and this 
has been developed as an enzyme-linked imuno-suppressant assay (ELISA) for screening (Hajslovli 
et aI., 1990). However, according to Waters Ltd (one of the manufacturers of an ELISA kit for 
triazine detection) the method is not suitable for the detection of cyromazine. Toth and Snyder 
(1991) also investigated the applicability of thermolysis-atmospheric pressure ionisation tandem mass 
spectrometry (API MSIMS). These authors noted that triazines, including cyromazine, can degrade 
thermally via de alkylation when heated in solution at 250°C for 2 h, but thermolysis can also occur 
without dealkylation, thus resulting in, at atmospheric pressure yielding, a simple mass spectrum. 
API MS/MS should be able to be used to analyse triazines in sample matrixes (such as soil) with 
minimal sample preparation. However, Toth and Snyder's results indicated that improvements of the 
order of 102_103 in signal-to-noise need to be made before this technique is suitable for trace residue 
analysis. The detection limit for API MS/MS for cyromazine was approximately 4 ppm. 
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3.1 Introduction 
3. Clean-up of wool scouring waste waters 
and wool for the analysis of cyromazine 
This chapter summarises the work carried out in order to develop a clean-up method suitable for the 
analysis of cyromazine in woolscouring waste waters and on wool. The development of such 
methods is an iterative process, often with the need to repeat similar experiments a number of times 
to ensure slight changes in methodology have the desired effect. As such, this chapter does not 
strictly follow the traditional outline of methods, results, discussion and then conclusion. While this 
format has been loosely adhered to, some methodology is explained in association with results and 
discussion in an effort to improve readability. 
As was discussed in the previous chapter (sections 2.2, 2.3 and 2.7), the chemistry of cyromazine, 
woolscouring effluents and wool matrixes is quite different from traditional pesticide and sample 
matrixes, respectively. Cyromazine is a polar chemical requiring extraction from a mixed polar and 
non-polar sample. Most, if not all, published sample clean-up techniques for the analysis of pesticides 
rely, to some extent, on the lipophilicity of these compounds. However, as has been discussed, 
cyromazine was not expected to behave like most other pesticides. Therefore, a specific clean-cup, 
technique was required. Unfortunately, the complex nature of the sample matrix, whether a greasy 
wool extract or woolscouring effluent, meant the demands on such a technique were great. Various 
techniques were evaluated; the most important of these were: 
• Ciba's own method (Anon., 1986) based on methanol:water extraction followed by cationic 
then, anionic and cationic, ion-exchange and finally dissolution in a suitable solvent for analysis 
by HPLC; 
• Bardalaye et al.'s (1987) method, also based on methanol:water extraction, followed by 
sequential washing with DCM, then hexane, and final clean-up of this extract using Sep-Pak™ 
solid phase ion-exchange cartridges and analysis by GC; and 
• International Wool Secretariat's method (peaker et aI., 1991a & b) for pesticide analysis in 
woolscouring effluents and wool products utilising sweep co-distillation - "Unitrex" extraction, 
of a DCM extract, or C-18 SPE, followed by GC analysis. 
Most of these solvent extraction techniques proved unsuitable for the extraction of cyromazine and 
melamine residues from woolscouring effluents. In response to the apparent uniqueness of 
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cyromazine it was decided to develop a 'new, modified' clean-up method, rather than rely solely on 
some other technique. 
3.2 Materials and equipment 
The materials and equipment discussed in this chapter were common to all the work discussed in this 
thesis. However, only materials and equipment used in this chapter are listed here, materials and 
equipment specific to other chapters will be listed in the relevant chapter. 
3.2.2 Chemicals 
• Cyromazine powder (97.5%) was supplied by Ciba Auckland, New Zealand. 
• Melamine (99%) was purchased from Merck-Schuchardt, Germany. 
• Methanol, acetonitrile and all other solvents were Mallinckrodt ChromAR HPLC grade unless 
otherwise stated. 
• Trichloroacetic acid (TCA) was Analar grade, purchased from BDH chemicals. 
• Ion-exchange resin (AGI-X2 - anionic, and AG50W-X4 - cationic) was purchased fromBiorad, 
NZLtd. 
• Extract-Clean TM ion-exchange cartridges (SAX - anionic, and SCX - cationic) were purchased 
from Alltech Associates NZ. 
3.2.3 Equipment 
• A Hewlett Packard HP5890 Series II gas chromatograph with NPD was initially used in this 
study. The HP5890 was supported by an HP7673b auto injector and an HP3396 Series II 
integrator. This system was supplemented with HP-Peak 96 data handling software running on a 
DecPC-340DXLp personal computer, supplied by Digital Instruments. 
• A J&W DB-I7 capillary column (30 m x 0.32 mm x 0.25 JlIll) was used for analysis. This column 
was replaced part-way through the study when sensitivity was lost by an equivalent Heliflex AT-
50 column. Both columns were purchased from Alltech Associates. 
• Later analyses were performed on a Shimadzu QP5000 GCIMS running Class 5K software on a 
DX50, 486 personal computer. This system was supplied by Douglas Scientific and supplemented 
by an AOC-I4 auto injector. 
• A J&W DB-5ms column (30 m x 0.25 mm x 0.25 JlIll) was used on the GCIMS, purchased from 
Douglas Scientific. 
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• All laboratory glassware was washed in 'Pyroneg' detergent, rinsed and dried and finally rinsed 
with a small volume of methanol before use. 
3.3 Chemical analyses 
A number of published methods for cyromazine analysis utilise HPLC. In general, the arguments 
used against GC have surrounded the question of linearity. However, all previous work with GC 
(with the exception of Toth and Bardalaye, 1987) utilised packed column GC methods. Capillary 
column GC, in general, is more sensitive than HPLC and packed column GC, and provides better 
linearity than the traditional GC methods. Toth and Bardalaye (1987) also reported that the long 
term use of their packed column resulted in loss of sensitivity through column degradation. 
3.3.1 GC method 
Operating conditions for the HP5890 gas chromatograph were primarily based on those of Toth and 
Bardalaye (1987). However, slight variations were incorporated to improve the chromatography of 
complex samples. Operating conditions of the QP5000 GC/MS were primarily dictated by prior 
experience and the use of a less polar DB-5ms column. Most of the analyses discussed in this chapter 
were performed using the HP5890 GC-NPD; where the QP5000 GC/MS was used this has "been 
indicated. 
Injection port temperature, purge-on time, final temperature and injection port liner configuration 
were all evaluated to determine optimum operating conditions. Over the course of this study 
improvements in chromatographic performance (peak areas and repeatability) were achieved using a 
silanised glass injection port liner (HP pesticide liner, Cat. No. 5062-3587), packed with a small plug 
of silanised glass wool. Bardalaye et al. (1987) had found that the use of glass wool in the injection 
port liner of their packed column GC resulted in loss of sensitivity and the generation of ghost peaks. 
However, it was not clear from their paper whether silanised (de-activated) glass wool was used. 
Certainly, it could be expected that un-silanised glass wool would have a negative effect. Indeed, our 
experience suggested it was necessary to ensure that the glass injection port liner was cleaned 
frequently and de-activated by silanisation. 
A range of injection port temperatures and purge-on times were used to assess their effects on 
chromatographic performance (peak area), as shown in Table 3.1. 
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Table 3.1 Effect of injection port temperature and purge-on time on chromatographic 
performance for GC analysis of cyromazine and melamine. 
Injection port Purge-on time (min) Cyromazine (~g111 Melamine (~g/I)' 
temperature eC) 
200 0.5 856 430 
210 0.5 1170 764 
210 1.5 1628 1147 
210 2.5 1636 1246 
210 3.5 1761 1383 
215 1.5 1693 1184 
225 0.5 1337 865 
225 1.5 1457 806 
250 0.5 1280 1072 
250 2.0 1640 1225 
275 0.5 839 762 
1 Apparent concentration reflecting changes in detector response. 
From these results it is apparent that purge-on time has some influence, depending on temperature 
However, the effects of temperature over the range 210 -250°C can be compensated for by altering 
purge-on times. Based on these results, the optimum conditions were deemed to be an injection port 
temperature of greater than 210 °C and a purge-on time of greater than 1.5 min. However, 
experience over time suggested that a hotter injection port temperature of 250°C was preferable in 
order to keep the injection port liner cleaner for longer. As a result of experience, the GC operating 
conditions outlined in Table 3.2 were used for most analyses performed on the HP5890 GCINPD. 
Operating conditions for the GC/MS were based on those used on the HP5890, but were altered 
slightly as a consequence of the slightly less polar phase of the DB-5ms column and because the 
QP5000 was equipped with automatic flow control. 
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Table 3.2 Operating parameters for both GCINPD and GCIMS analysis of cyromazine. 
HPS890 GCINPD QPSOOO GCIMS 
Injection port temperature 250°C 
Splitless injection up to 5 III 
Purge-on time 2.5 min 
Detector temperature 275°C 
Initial column temperature 120 °C 
Initial hold 3.5 min 
Oven ramp 15°C fmin 
Final temperature 250°C 
Final hold 5.0 min (later increased 
Column flow (helium) 
Head pressure 
Hydrogen flow 
Make-up flow (nitrogen) 
Air flow 
to 7.5 min) 
2.1 ± 0.1 mUmin 
100kPa 
4.0 ± 0.2 mUmin 
28.0 ± 0.5 mUmin 
100 ± 5 mUmin 
usually 1 !Jl (up to 5 !Jl) 
0.75 min 
250°C (interface); Gain 1.80 kV 
(SIM)' 
50°C 
2.0 min 
25°C/min 
250°C 
4.0 min 
Pressure programmed (1.3 mUmin, 
initial) 
Initial column pressure 60.80kPa 
Initial time 2.00 min 
Pressure ramp 14.00 kPa/min 
Final pressure 155.90 kPa 
1 SIM - selective ion monitoring of the parent mass 166.00 and the major MS fragmentation ion of 151.00. 
3.3.2 Sensitivity and linearity 
To test linearity, standards containing cyromazine and melamine at concentrations between 10 and 
10 000 Ilg/l (in methanol) were analysed. Sensitivity was investigated by other experiments outlined 
later. The linearity of the GCINPD detector is shown in Table 3.3. All analyses were conducted using 
the same conditions of injection volume and splitless injection mode. It is these factors that were 
responsible for the peak-fragmentation, via over-loading, noted in these results. 
NB: as is normal with all analyses, results represent the mean of a minimum of duplicate injections of 
duplicate samples. 
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Table 3.3 Linearity check for GC/NPD analysis. 
Area response x 1000 
Concentration of standard Melamine 
(~gII) 
10 
25 
50 
75 
100 
250 
500 
1000 
2500 
5000 
10000 
p.f. = peak fragmentation due to saturation of detector. 
13.07 
25.81 
42.88 
62.81 
204.83 
479.40 
558.38 
pJ. 
pJ. 
pJ. 
Cyromazine 
6.80 
27.26 
33.52 
59.41 
83.47 
284.16 
671.08 
796.13 
2560.16 
pJ. 
p.f 
Analysis of regression of the results in Table 3.3 gave the following linear equations: 
• Melamine response (x 1000) = 23.7 + 0.611(concentration) 
r2 adj = 0.890 
• Cyromazine response (x 1000) = -1.58 + 1.006(concentration) 
r2 adj = 0.985. 
The response of the NPD detector to both melamine and cyromazine is linear over a large range. 
Most analyses in this study were carried out in the range 25 - 250 1lg/1 using 5 IJl splitless injections. 
While linearity was good, a slight loss in sensitivity was observed between the results for successive 
analyses of cyromazine and melamine over a long time period (approximately 100 injections). 
However, while this loss in sensitivity was very slight and gradual initially, complete loss of 
sensitivity was experienced on two successive occasions. The reason for this loss of sensitivity could 
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have been associated with: 1) detector failure, the NPD operates in a poorly understood fashion via 
ionisation of compounds by an ionic-plasma generated by heating and applying an electrical current 
to a rubidium bead known as the collector (Bombick and Allison, 1989); it is common for the bead 
to fail and require periodic replacement; 2) contamination of the injection port liner, thus requiring 
cleaning; 3) contamination of the column resulting in the formation of active sites capable of 
adsorbing or destroying the analytes; such contamination could require solvent flushing or complete 
column replacement The above faults could be caused by poor sample clean-up and thus dirty 
samples, or solventsample interactions forming a product that contaminated the column, inlet and/or 
detector, or direct adsorption of cyromazine or melamine by active sites in the GC (hinted at by a 
negative intercept in the regression analysis). Even when only standards or clean water extracts were 
analysed, some loss of sensitivity was observed. 
Once complete loss of sensitivity had been encountered, cleaning of the column, replacement of the 
column, cleaning of the injection port or replacement of the liner, or the installation of a new 
detector bead had little or no effect on chromatographic performance. Response was restored only 
when the entire detector was replaced. The reason for this remains unclear and even the 
manufacturers, Hewlett Packard, have been unable to suggest a cause. After a new detector was 
installed, and response was restored, the same fault occurred approximately six months later. By the 
time the detector was replaced a second time a new Shimadzu QP5000 GC/MS had been purchased 
and it was decided to use this machine in order to advance this study. However, transferring the AT-
50 column to the GC/MS gave poor chromatographic results (in terms of peak shape). As altering 
the GC temperature or pressure programme did not improve chromatography it was obvious that the 
AT-50 column was not performing efficiently. At this stage, it was decided to take some precautions. 
It was decided to replace the sample solvent (previously methanol) with acetonitrile. Acetonitrile 
could not be used in a splitless injection with the NPD as the nitro gens in the solvent would have 
resulted in a very large solvent peak that would have masked any cyromazine peak. It was also felt 
that if a solventsample interaction was occurring, ie, reaction of the methanol with melamine to form 
a condensate, that this would be less likely to occur with the less reactive acetonitrile. Reactions with 
methanol could have been occurring as a result of injection port or detector temperatures, or as a 
function of column phase (the AT-50 column is a 50% methyl and 50% phenyl based column, the 
DB-5ms column is a 95% phenyl and 5% methyl column). Replacement of the AT-50 column with a 
DB-5ms would partially solve this last issue. It was also decided to minimise the injection port 
temperature, because cyromazine eluted from the DB-5ms column at a lower temperature than from 
the AT-50. The one disadvantage to using acetonitrile in place of methanol, was that it would not be 
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possible to analyse for melamine as it was practically insoluble in acetonitrile. The addition of a small 
amount (5-10%) of methanol would have been sufficient to solubilise any melamine, but it was 
decided not to risk analysing melamine until questions regarding possible reactivity with the column 
or the GC could be resolved. 
3.3.3 Internal and external calibration 
To aid quantification by GC-NPD, the use of an internal standard was investigated. There are three 
important parameters to consider when choosing an internal standard, viz: 
• the internal standard must possess an elution time sufficiently different from the peaks of interest 
to avoid confusion; 
• the internal standard must demonstrate a linearity of response similar to the compounds being 
quantified; and 
• the compound to be used as an internal standard must not 'naturally' occur in the samples to be 
analysed. 
Three compounds were evaluated for use as an internal standard: 
• tri-butyl phosphate (TBP) (BDH Chemicals); 
• terbuthylazine 97% (Ciba Ltd); and 
• atrazine 97.5% (Ciba Ltd). 
Atrazine was found to elute too closely to the melamine peak on the DB-17 column to be of use. 
The suitability of the other two was determined by repeat injections at varying concentrations of the 
internal standard, cyromazine and melamine. The use of internal standards for quantification did not 
prove reliable, as is partially demonstrated in the results for the effect of boiling on cyromazine 
stability, given in Table 3.4. The reasons for these poor results obtained by using TBP as an internal 
standard were: 
• drift during long runs, entire run length approximately 10.5 h; and 
• poor reproducibility, ie, poor standard deviations within repeat sample injections. 
Some of this variation will, of course, have resulted from sample variability associated with sampling 
over a period of time. 
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Table 3.4 Effect of boiling time on mean concentrations (fJgII)l of melamine and 
cyromazine in methanol solutions. 
Time (hours) o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.0 
Corrected 
Melamine 
mean 205 
13.9 
214 
13.2 
205 
16.5 
248 
24.6 
230 
16.9 
246 
39.3 
266 
33.0 
263 
7.2 
284 
32.8 
210 
sd. 
Cyromazine 
mean 131 
2.6 
137 
7.2 
134 
10.7 
148 
14.9 
140 
11.1 
150 
19.9 
159 
15.6 
157 
3.9 
169 
15.5 
125 
sd. 
I 
Mean of three injections, TBP as internal standard. 
Based on the data presented in Table 3.4, it was clear that calibration based on TBP as an internal 
standard was unstable, not only from day to day, but also within a run. This meant changes In the 
response were not uniform and thus a compound with a similar response curve to cyromazine and 
melamine was required. 
In evaluating terbuthylazine, a calibration for all three compounds (cyromazine, melamine and 
terbuthylazine) was established using 10,25,50, 75, 100,250 and 500 Ilgl1 standards. Regression 
analysis gave the following results for concentration/response: 
• Melamine 
Peak area (x 1000) = -10.3 + 1.55(conc.) 
r2 adj = 0.998 
• Cyromazine 
Peak area (x 1000) = -11.5 + 1.57(conc.) 
r2 adj = 0.996 
• Terbuthylazine 
Peak area (x 1000) = -0.27 + 0.898(conc.) 
r2 adj = 0.995. 
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Though all three compounds demonstrated good linear relationships, the slope of the concentration! 
response curve differed for terbuthylazine (0.898) in relation to cyromazine (1.57) and melamine 
(l.55) (note also the negative intercepts, as this may indicate adsorption of the compounds, 
especially cyromazine and melamine, on active sites within the GC). It is important that the response 
curve (slope) for both the internal standard and the analytes in question be similar. If, as is the case 
here, the slopes differ markedly any instrumental drift will not be accurately compensated for by the 
internal standard. That is, if the instrumental response changes such that a 500 ~g11 internal standard 
gives a response equivalent to a 550 ~gIl solution then the response drift is + 10%. However, it will 
only be + 10% for the analytes if their response curve possesses the same slope; greater error occurs 
with slopes of different values. 
The impact of the variation in slope is further highlighted by the results in Table 3.5, which lists the 
calibrated fit and coefficient of variation (CV) for eight injections of five standards (of cyromazine 
and melamine) based on both internal standard (terbuthylazine) and external standard (cyromazine or 
melamine as appropriate) calibration. 
Table 3.5 Comparison of internal and external calibration for GCINPD analysis of 
cyromazine and melamine. 
Compound and concentration Mean calculated concentration (flgll) 
Internal standard External standard 
Melamine 100 154.4 (21.6%)1 124.0 (l.8%) 
200 259.7 (16.2%) 196.6 (4.2%) 
250 277.2 (14.8%) 235.1 (l.8%) 
300 421.5 (15.7%) 305.2 (4.8%) 
400 484.3 (9.1%) 389.5 (2.9%) 
Cyromazine 100 127.0 (28.3%) 103.0 (3.7%) 
200 277.3 (14.6%) 209.8 (3.2%) 
250 243.4 (14.2%) 210.5 (3.8%) 
300 384.5 (15.4%) 279.0 (5.9%) 
400 513.3 (7.3%) 419.6 (2.8%) 
Terbuthylazine 500 402.7 (18.3%)2 
1 Figures in 0 = coefficient of variation, %, 
2 Based on 40 injections. 
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From Table 3.5, it is clear that external calibration offered both better prediction and significantly 
less variation. Therefore, external calibration was adopted for all subsequent analyses. 
3.4 Clean-up techniques 
It was decided to base the development of a clean-up technique on the methods of Ciba (Anon, 
1986) and Bardalaye et al. (1987) and that the method be applicable to both woolscouring waste 
waters and wool extracts. Methanol was chosen as the preferred solvent for soxhlet extracting 
cyromazine and melamine from wool because it has a low boiling point (60°C) and both compounds 
are readily soluble in it. Table 3.4 demonstrates the stability of both cyromazine and melamine to 
boiling in methanol for up to 4 h (Note: these results were obtained by internal calibration, thus the 
high standard deviations). The increase in the concentration of both analytes with time is associated 
with a 35% decrease in the volume of the methanol in the reflux apparatus over the 4 h (see 
corrected 4 h figure, Table 3.4). 
Once an extract from wool has been obtained, it would be treated in the same way as a sample of 
woolscouring waste water. As such, water and woolscouring waste waters were used for clean-up 
method development because they were much easier to dope (add a known concentration of 
cyromazine to in order to check recoveries). 
Because of the polarity of cyromazine, the logical first step in cleaning up woolscouring waste 
waters seemed to be to obtain an aqueous fraction to which subsequent clean-up steps could be 
applied with minimal interference from lipophilic compounds. Mter various attempts using different 
solvent extractions, the best method was deemed to be simple physical centrifugation (even 
extraction with the polar solvent methanol can extract significant fractions of woolgrease). 
Centrifugation had the added advantage of removing much of the inorganic particulate matter as well 
as a large portion of the woolgrease. 
The aqueous phase obtained in this way contains oxidised woolgrease along with polypeptides 
(degraded wool proteins) and suint salts (potassium salts of organic fatty acids). Many of these 
contaminants may possess amine moieties that would be detected by the NPD detector of the Oc. 
The next step concentrated on the removal of polypeptides and protein fractions. Some of these 
contaminants can be removed by precipitation with TCA and this appeared a simpler approach than 
that of Beilstein et al. (1981), which utilised perchloric acid. Finally, ion-exchange was incorporated 
to remove weakly cationic and anionic compounds from the aqueous solution. Ion-exchange should 
not retain residual woolgrease and thus this contamination should not be present in the final sample. 
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The initial clean-up technique, on which development work was based, can be summarised as 
follows. 
• A sample of flowdown liquor was warmed to approximately 40 °e (the melting point of 
woolgrease), then centrifuged at 35-40 °e and 10 000 g for 20 min, resulting in the development 
of three phases: a top, grease phase; a middle, aqueous phase; and a bottom, particulate dirt 
phase. After cooling, the solidified grease phase was removed and the aqueous phase carefully 
decanted. 
• TeA (5 ml) was added to 50 ml of the aqueous phase held at close to 0 °e in ice water. This 
solution was then shaken and maintained in ice water for 15 min, before centrifuging at <10 °e 
and 10 000 g for 10 min The precipitated protein fragments, etc., settle to the bottom and the 
aqueous solution was again carefully decanted. 
• The TCA acidified liquor (10 ml) was then passed through two ion-exchange beds in series, each 
containing 5 g of resin; the first AGI-X2 anionic resin and the second AG50W-X4 cationic 
resin. Each bed was contained in a disposable 5.0 ml plastic syringe body connected via 4 mm 
PVC tubing passing through bored rubber bungs. A 20 ml syringe body was used as the sample 
reservoir and flow was regulated by a clamp on the discharge tube of the lower, cationic syringe. 
A glass wool plug was used in each syringe to prevent loss of resin. Both beds were pre-rinsed 
with distilled water. Mter a 10 ml sample ha<;l been allowed to pass through both resins they 
were then rinsed with 40 ml of distilled water, which was then discarded. The anionic column 
was then removed, and discarded, and the cationic column (with cyromazine attached) rinsed 
with 20 ml of methanol, this solution was also discarded. The cyromazine and melamine were 
then eluted from the cationic column using 30 ml of ammoniacal methanol (1+3 
NH40H:MeOH). 
• Toluene (10 ml) was added as a keeper to the eluted fraction to minimise the loss of compounds 
through volatilisation during drying. The volume of this solution was initially reduced on a hot 
plate, final drying being completed overnight in a vacuum oven at 60°C. 
• The dried residue was then taken up in ",,5 ml methanol and made up to a suitable volume 
(usually 10 ml) in a graduated centrifuge tube or volumetric flask, ready for direct injection into 
the Gc. 
The above method formed the basis on which future experiments were based. While this method 
gave excellent results for distilled water samples, in terms of recovery, the quality of the extract from 
woolscouring waste waters was poor, in terms of removal of additional contaminants. Recoveries 
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from doped distilled water samples using the basic clean-up technique were checked on a number of 
OCcasions and may be summarised: 
• for cyromazine 82.40 ± 3.61 %, (concentration range of 50 - 500 Ilg/l) 
• for melamine 91.87 ± 5.28%, (concentration range of 50 - 500 1lg/1) 
No cyromazine or melamine were detected in the waste from the ion-exchange columns. Loss of 
analyte~ could be associated with incomplete removal from the exchange resins or loss during drying. 
A series of experiments were then undertaken to improve the recovery (if possible) and qUality of the 
final sample recovered from woolscouring waste waters. 
Doped distilled water samples were either treated using the clean-up technique or dried without 
clean-up. The samples were then taken up in methanol and analysed by GC/NPD. The distilled water 
samples that were dried only gave recoveries of cyromazine of 72.71 ± 3.12% and of melamine of 
87.93 ± 3.67%, compared to 82.40 ± 5.25% and 91.87 ± 4.60%, respectively, for those which had 
been 'cleaned-up'. These results clearly suggested that a significant portion of the material being lost 
was lost during the drying stage. It was thought that the vigorous, partial drying on a hot plate may 
have been the cause of this loss. It was decided to compare recoveries from samples dryed in a 
vacuum oven with those from partial drying on a hot plate with final drying in a vacuum oven. 
Recoveries were consistently less for samples dried on a hot plate (81.4 ± 11.8%) in comparison to 
those dried in a vacuum oven at 60°C (114.0 ± 14.7%), this despite the high standard deviations 
caused by NPD detector drift All future analysis utilised a vacuum oven to dry samples. 
The pH of the fmal samples was still highly acidic (::=4.5), despite being eluted from the ion-exchange 
columns using ammoniacal methanol. It was felt that neutralisation of the sample may reduce the 
interference associated with other contaminants in the woolscouring waste water extracts. To 
determine the effect (optimum concentration) of NaOH, a 10 ml sample containing 100 Ilg/l of 
cyromazine and melamine was dried in the presence of 0.1 ml of 0,0.01,0.1, 1.0 and 6.0N NaOH. 
Recoveries were determined by GC on duplicates of each treatment (see Table 3.6) 
Clearly, very little NaOH can be tolerated in the clean-up process. In addition, injection of samples 
containing high concentrations of NaOH resulted in loss of GC sensitivity. This loss was isolated to 
the degradation of the sample in the injection port and was rectified by cleaning and replacing the 
injection port liner. This degradation may mean that cyromazine and melamine are tolerant of higher 
concentrations of NaOH in the clean-up method than the results of Table 3.6 would indicate. In any 
event any residual NaOH must be neutralised before injection into the Gc. These results suggest 
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NaOH additions should be used only as a last resort and then only after careful assessment of any 
long term effects on GC performance. 
Table 3.6 Effect of sodium hydroxide on sample recoveries (%) of cyromazine and melamine 
from doped distilled water. 
Concentration of NaOH (N) Melamine Cyromazine 
nil 99.4 105.9 
0.01 105.0 107.8 
0.1 nil 31.0 
1.0 nil nil 
6.0 nil nil 
The effect of the ammonia to methanol ratios on the recoveries of cyromazine and melamine were 
investigated using the following ammonia to methanol ratios: 1:3; 1:5; 1:10; 1:15 and 1:20. 
Duplicate samples were analysed. It was thought that if a minimum strength ammonia to methanol 
solution could be used it might be possible to elute the cyromazine and melamine while leaving some 
of the other contaminants on the resin. Varying the ammonia to methanol ratio from 1:3 to 1:5 or 
1: 10 did liot adversely affect the recovery of cyromazine. However, the melamine peak was shifted 
slightly (altered retention time), indicating incomplete de-protonation and also possibly incomplete 
recovery. Ammonia to methanol ratios of 1:15 and 1:20 resulted in poor recovery, a peak shift for 
cyromazine and no recovery of melamine. To ensure accurate recoveries of both cyromazine and 
melamine, the original ratio of 1:3 ammonia to methanol appears necessary. However, where only 
cyromazine is of interest then sample contamination may be reduced by using a lower ammonia to 
methanol ratio. 
A number of other experiments were carried out with limited success, partially because detector 
response was lost for a second time. However, some observations were able to be made by 
examining the baseline of a chromatogram without quantifying cyromazine or melamine. Treating 
samples with alkali (1.0 ml of 6N NaOH in 2.5 ml samples) overnight and then neutralising the 
NaOH with sulphuric acid (H2S04) prior to ion-exchange appeared to result in cleaner samples, but 
greatly increased analysis time. Filtration of the samples, even after double centrifugation, was not 
feasible, neither was the use of ultranltration centrifuge tubes. 
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At this stage, it was decided to replace the self-packed ion-exchange cartridges with Extract-Clean TM 
(500 mg of resin in 2.8 ml cartridges) disposable cartridges. It was felt that the manufactured 
cartridges would possess a greater uniformity of packing and thus flow through the column should 
be better. Such columns also lend themselves to method automation and save time by removing the 
need to self-pack columns. The smaller cartridges (500 mg of ion-exchange resin compared to 5.0 g 
previously used) meant that a lower sample volume was used, 2.5 ml instead of the previous 10 m!. 
An immediate improvement in the quality of the final sample was apparent, with a number of 
contaminant peaks being removed. However, a series of resolved peaks were present between 11.20 
and 13.60 min and a broad series of unresolved peaks occurred between 14.10 and 16.10 min. 
Until this stage, standard Analar grade toluene had been used as the keeper solvent. It was decided 
to use Mallinkrodt ChromAR grade as a comparison, because it was noted that some toluene may 
contain methyl thiophen and other sulphur containing compounds as contaminants from manufacture 
(Perrin et al., 1986; BDH, 1994). It was also decided to dispense with the use of methanol in the 
clean-up technique and use a solution of 880 ammonia in water (1 +3) in place of the ammoniacal 
methanol solution previously used. 
The results of these two changes indicated that the series of peaks in the region 11.20 to 13.60 min 
were associated with lower grade toluene and the unresolved peaks in the region 14.10 to 16.10 
appeared to be extra contaminants eluted from the columns due to the use of methanol. Some of the 
contaminants associated with the methanol were undoubtedly plasticisers, as also reported by 
Schuette et ai. (1990). 
After replacement of the NPD detector for the second time, it was decided to avoid the use of 
oxygenated solvents, such as methanol, so DCM was used for the following series of experiments. 
Continuing delays with final installation of the new NPD detector also meant that some analyses 
were conducted using the flame ionisation detector (FID), but the detection limit for cyromazine 
using this detector is only ""a.5 mgll. Cyromazine's solubility in DCM is approximately 300 mg/l, 
significantly lower than in methanol but sufficient, it was felt, for use in trace analysis. Changing from 
methanol to DCM had no apparent effect on the quality of the final samples and most contaminants 
detected by the NPD were also detected by the FID. 
The effect of pH on the elution of cyromazine and other contaminants from the ion-exchange 
columns was investigated next Varying amounts ofTCA were added to the aqueous phase of a 
previously centrifuged woolscouring waste water sample. The effects of these varying amounts on 
the pH of samples before ion-exchange are summarised in Table 3.7. 
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The effect of each level of TCA addition was assessed by the amount of material (volume) removed 
after centrifugation. Solutions containing 2-3% gave the best results, with significantly greater 
amounts of material being precipitated at these lower concentrations than the previously used 10% 
level. It was also observed in this experiment that if samples were centrifuged at =25 °c, rather than 
5-10 °c as previously, then better centrifugation occurred. However, it was still necessary to react 
the TCA with the sample at 0 °c for 15 min before centrifugation. 
Table 3.7 Effect of TCA additions on pH of woolscouring waste waters 
before ion-exchange. 
TCA addition (%) 
1.0 
2.0 
2.5 
3.0 
4.0 
5.0 
7.5 
10.0 
pH of solution 
5.72 
4.93 
4.42 
4.32 
3.72 
1.86 
0.86 
0.58 
A check was made to confirm that changes to the clean-up method did not affect the recovery of 
cyromazine. A sample of woolscouring liquor was doped at 10 mg/l with cyromazine and treated 
using the revised clean-up technique. Recoveries were assessed on duplicate injections of four 
samples. Low recoveries with DCM (11.11 ± 4.04%) suggested that the experiment be repeated with 
methanol as the final solvent. Recoveries with methanol were greatly improved, but still low at 54.3 
± 0.17%. This low recovery may have been associated with an overloading of the ion-exchange 
columns, but it was clear that a polar solvent, such as methanol, must be used as the final sample 
solvent. Certainly, drying distilled water samples containing 10 mg/l of cyromazine and taking up the 
residue in methanol resulted in 99.54 ± 10.46% recovery when toluene was used as a keeper and 
97.00 ± 6.60% recovery when toluene was omitted. However, recovery from 2.5 ml distilled water 
samples containing 10 mg/l of cyromazine and processed using the revised clean-up method yielded 
53.54 ± 2.79% and 46.05 ± 0.78% when 1:3 and 1:2 ammonia-water were used as the eluants, 
respectively, and 39.34 ± 8.17% when 1:3 ammoniacal methanol was used. These results suggest 
that the loading capacity of the 500 mg ion-exchange cartridges is about 12 ~g (12000 ng; 2.5 ml x 
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10 Ilg/ml x 50% recovery). Battista et al. (1989) treated the equivalent of 2000 ng on a 500 mg sex 
column without loss of sample. A further experiment evaluated the recovery of cyromazine from 
woolscouring waste water doped at 10 mgll. Recoveries for this experiment were 75.09 ± 3.36%, 
suggesting that contaminants in woolscouring effluents were unlikely to affect the recovery of 
cyromazine. 
All subsequent developmental work was conducted using the GeIMS quantification and acetonitrile 
(another polar solvent) as a final solvent. However, the use of acetonitrile as a final solvent meant 
that melamine could not be analysed as indicated earlier. 
A sample of woolscouring waste water was doped with 250, 500 and 1000 1lg/1 of cyromazine, the 
liquor was cleaned-up using the revised method (to date) and recoveries assessed against a blank and 
known standards. The final dried residue was initially taken up in =2 ml of cold acetonitrile which 
was then made up to 2.5 ml in a graduated centrifuge tube. The same residue was then re-extracted 
(cold acetonitrile does not dissolve all the residue after drying) in about 10 ml of acetonitrile, the 
residue was then reduced in volume over a steam bath and the final solution made to 2.5 ml in 
graduated centrifuge tubes. Table 3.8 summarises the results of this experiment and the overall 
recovery. 
Table 3.8 Recoveries of cyromazine from doped woolscouring waste waters after take-up in 
acetonitrile. 
Sample Cyromazine concentration (1Jg/l) Recovery % 
Cold uptake Hot uptake Total uptake 
Blank 1 176.35 31.91 208.261 na 
Blank 2 196.41 70.19 266.601 na 
250 1Jg/l-1 266.84 144.67 411.51 69.6 
250 1Jg/l-2 288.73 142.87 431.60 77.7 
500 1Jg/l-1 317.37 106.212 423.58 37.2 
500 1Jg/l-2 410.73 97.40 508.13 54.1 
1000 1Jg/l -1 651.55 93.30 744.85 50.7 
1000 1Jg/l-2 626.53 221.572 848.10 61.1 
1 Mean of two injections of two samples = 237.43 ± 14.87%, 
2 Samples extracted twice with excess hot acetonitrile, no cyromazine detectable in the second extract. 
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Two problems are apparent from the results in Table 3.8, the duplicates are generally poor 
(characterised by the high CV, 14.87%, for the two blanks) and recoveries are modest. However, the 
results in Table 3.8 clearly show the need for excess acetonitrile to be used in taking up the final 
residue. 
One cause of the poor duplicates, and thus high standard errors, could have been associated with the 
quantification of the GCIMS. To check this out, a series of five standards were made up in 
acetonitrile and repeatedly injected. Any change in response was then quantified; Table 3.9 
summarises these results. 
Table 3.9 Analysis of cyromazine standards in acetonitrile by GCIMS (response x 10.4). 
Concentration (flgll) Linear regression 
Run no. 100 250 500 1000 2000 a b R2 adj. 
1 205.6 1135.8 6903.9 29909.2 418 0.0545 93.6% 
2 397.4 2341.3 9798.6 38743.8 389 0.0428 94.7% 
3 662.6 2443.7 11862.1 41192.5 366 0.0407 96.1% 
4 295.5 771.0 3242.0 15133.3 51609.2 279 0.0346 94.7% 
5 229.6 1262.2 5007.5 18934.1 55889.5 242 0.0324 96.8% 
6 369.1 1576.6 6711.7 22678.6 68969.7 241 0.0264 96.6% 
From Table 3.9 it is clear that the response of the GCIMS to cyromazine increased over time. This 
result suggested that some initial adsorption of cyromazine in the GC system was occurring and that, 
with time, adsorptive sites became 'saturated'. At this stage, a lower injection port temperature of 
215°C was used, as it had been thought this may reduce any thermal degradation of the samples and 
thus limit contamination of the GC, as observed earlier with the GC/NPD. However, it was 
postulated that this lower injection port temperature could be responsible for adsorption in itself, by 
not allowing the sample to completely volatilise, and thus it was decided to return to the higher 
temperature of 250°C. A high standard (1000 ppb) was then analysed repeatedly and the coefficient 
of variation calculated. Based on six injections the mean peak area was 7.204 x 107 with a standard 
deviation of 0.168 x 107 (coefficient of variation of 2.34%). The low CV indicated that reproducible 
analysis was possible with this GC temperature configuration. 
To further ensure accurate calibrations and stability of analyses, a duplicate injection of a 1000 1lg/1 
(or the highest standard) was performed before two injections of solvent and then the standards on 
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which a calibration was based. After every four samples (eight injections) a mid range standard was 
again analysed in duplicate as an 'unknown' and the results from these analyses used to re-slope the 
calibration curve. Performing these simple routines ensured consistent calibration curves and stability 
of results over a long run. 
In addition, the stability of cyromazine standards to storage in a refrigerator were assessed. A 
500 Jlg/l standard was re-analysed, and quantified against fresh standards, after two weeks storage. 
Four injections of the standard gave a mean of 445.24 ± 12.62 Jlg/l, or an 11 % loss in relation to 
fresh standards. In order to maximise accuracy, fresh standards were prepared every two days. 
Another potential source of the modest recoveries reported in Table 3.8 could have been that 
acetonitrile was not a suitable solvent for final re-suspension of the samples after drying and injection 
into the GCIMS. To check this out, three 2.5 ml aqueous solutions containing 250, 500 and 
1000 Jlg/I of cyromazine were dried in a vacuum oven at 60°C in duplicate and taken up in 2.5 ml of 
acetonitrile. Recoveries were checked by duplicate injections against 100,250,500, 750 and 
1000 Jlg/I standards of cyromazine, also in acetonitrile. Recoveries were 89.89% for the 250 Jlg/I 
doped solutions, 73.27% for the 500 Jlg/I and 75.95% for the 1000 Jlg/l solutions, the coefficients of 
variation were 3.83,5.86 and 4.26%, respectively. It was concluded that acetonitrile was an 
acceptable final solvent. 
To further investigate where cyromazine might be lost in the clean-up process, cyromazine was 
doped into woolscouring liquor after various stages of the clean-up process. Duplicate samples were 
doped and analysed by duplicate injection. A blank, undoped sample was also analysed in duplicate 
to correct for any cyromazine that might have been present in the solution received from the 
woolscour. The results are given in Table 3.10. 
Table 3.10 Recovery of cyromazine from wool scouring waste waters doped after various stages 
of the clean-up procedure. 
Point of doping Cyromazine concentration (,..gIl) Recovery % 
Before any clean-up 281.51 (± 3.24%) 54.05 
After 1st centrifugation 242.90 (± 11.61 %) 38.61 
After 2nd centrifugation 269.56 (± 5.65%) 49.27 
After ion-exchange 433.98 (± 1.08%) 115.18 
Blank 146.38 (± 10.19%) 
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These results clearly indicate that a significant loss of cyromazine was occurring during the ion-
exchange. The concentration of cyromazine in the samples doped at all stages prior to ion-exchange 
was approximately the same. There were two possible reasons for the loss of cyromazine during the 
ion-exchange step: 
1. The ion-exchange capacity of the column was exceeded but this was deemed unlikely, as 
discussed above; or 
2. Cyromazine was not being fully eluted from the ion-exchange columns. 
It was decided that the second possibility needed further investigation. A sample of woolscour waste 
water was doped with 250 ~gIl of cyromazine and cleaned-up in accordance with the revised method 
(to date). Instead of eluting the cyromazine with two 2.5 ml portions of 1:3 880 ammonia:water, it 
was decided to elute with a total of four 2.5 ml portions but analyse each portion individually. A 
blank solution of waste water (undoped) was analysed in a similar manner. Each fraction was taken 
up in acetonitrile and injected in duplicate, Table 3.11. As some cyromazine was recovered in the 
fourth fraction it was decided that five 2.5 ml fractions would be used to elute cyromazine from the 
ion-exchange columns. 
Table 3.11 Recovery of cyromazine by ammonia:water fractions from ion-exchange columns. 
Cyromazine concentration (J.lgII) Cumulative recovery 
Fraction Blank Doped liquor (%) 
1 78.59 150.60 28.80 
2 73.65 129.66 51.21 
3 65.94 130.18 76.90 
4 41.96 80.42 92.33 
The final refined clean-up method adopted can be summarised as follows. 
• A sample of flowdown liquor was wanned to approximately 40 °C and then centrifuged at 35-
40°C and 10 000 g for 20 min. Mter cooling, the solidified grease phase was removed and the 
aqueous phase carefully decanted, the volume of this phase was approximated. 
• TCA was added to the aqueous phase held at close to 0 °C in ice water to give a fmal 
concentration of :::::2.5%. TCA could either be added as a pre-weighed solid or melted in a hot 
water bath and pipetted into the sample. This solution was then mixed and maintained in ice 
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° water for 15 min. The sample was then centrifuged at ===25 C and 10 000 g for 20 min. The 
aqueous solution was then carefully pipetted out of the centrifuge tubes and into the pre-
conditioned Extract-Clean Tld ion-exchange cartridges. 
• An anionic (SAX) Extract-Clean Tld ion-exchange cartridge was pre-rinsed with two volumes 
(===2.5 ml, each) of distilled water. The flow of the water was regulated at :::::1-2 mVmin using a 
polyethylene tap. The flow of water was stopped just as the meniscus reached the top of the 
resin bed. A cationic (SCX) Extract-Clean Tld cartridge was then pre-rinsed with one volume of 
distilled water. The SCX cartridge was then filled with distilled water and the SAX cartridge 
attached on top, using adaptors available from Alltech Associates. 
• A 2.5 ml sample was allowed to pass through both resins. which were then rinsed with two 
volumes of distilled water, ensuring the anionic cartridge did not become dry at any stage. After 
this the water in the cartridges was allowed to drain until the meniscus was just above the SCX 
resin. The anionic cartridge was then removed and the cationic cartridge rinsed with another 
2.5 ml of distilled water, which was also discarded. The retained cyromazine was then eluted 
using five volumes of 880 ammonia:water (1 +3) into a 50 ml conical flask containing anti-
bumping granules. 
• Toluene (2.5 ml) was added and the samples dried in a vacuum oven at 60 °C overnight; 
• The dried residue was then taken up in 2.5 ml of acetonitrile. This was then reduced by reflux on 
a steam bath to ===1.0 ml. After cooling, this was made up to a suitable volume (usually 2.5 ml) in 
a graduated centrifuge tube or volumetric flask. The sample was then ready for direct injection 
into the GC. 
This method was used for all subsequent analyses. As part of the analysis of cyromazine in 
woolscour waste waters detailed in Chapter 4, a sample of flowdown from the WRONZ pilot plant 
woolscour was doped with 100, 250 and 500 J..1g/1 of cyromazine and recoveries assessed on 
duplicate samples. A 250 J..1g/1 cyromazine standard was used to correct for any drift in detector 
response during analysis. 
From Table 3.12 it can be seen that recoveries greater than 80% may be expected, with a coefficient 
of variation for duplicate injections of duplicate samples generally being less than 3.5%. These results 
suggest that the above clean-up technique is suitable for the analysis of woolscouring waste waters. 
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Table 3.12 Recovery of cyromazine from flowdown Uquor from the WRONZ pilot plant 
wool scour. 
Sample Cyromazine Mean and coefficient Recovery (%) 
concentration (J.1g/1) of variation 
Blank 619.38 
615.80 mean = 644.91 n.a. 
666.59 CV=4.95% 
677.88 
100 J.1g/1 addition 772.15 
747.01 mean = 762.37 117.46 
769.89 CV = 1.50% 
760.44 
250 J.1g/1 addition 820.67 
833.25 mean = 845.13 80.09 
851.90 CV = 2.78% 
874.71 
500 J.1g/1 addition 1033.68 
1020.95 mean = 1055.68 82.15 
1072.46 CV = 3.27% 
1095.62 
The same clean-up technique was applied to methanol extracts of greasy wool samples. Greasy wool 
samples were allowed to condition for 24 h in a standard temperature and humidity room used for 
wool testing before being weighed. Duplicate 5 g samples, weighed to three decimal places, were 
placed in a soxhlet barrel and extracted with methanol over 4 h. Mter extraction, the methanol was 
recovered from the round-bottom flask attached to the soxhlet barrel and the volume made up to 
either 50 or 100 ml in a volumetric flask. This methanol solution was then acidified with 
approximately 2.5% TCA at 0 °C and centrifuged after 15 min. Clean-up was then conducted via 
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ion-exchange, as described above. Cyromazine is sufficiently basic in this solution not to be affected 
by any hydrogen bonding that may take place between the methanol and the ion-exchange resins as 
reported by Battista et al. (1989). The concentration of cyromazine on wool can be calculated by: 
Ilg/g = (llg/1 x v/lOOO)/w, where; 
v = volume of methanol after extraction and w = weight of wool in grams. 
3.5 Summary and conclusions 
o 
The final GC/NPD technique used during this study used an injection port temperature of 250 C 
with a purge-on time of 2.5 min. Although this was a higher temperature than potentially could have 
been used (see Table 3.1), any small loss in sensitivity was deemed acceptable in order to ensure the 
injection port liner remained free of contamination. Linearity of the GC technique was demonstrated 
between 10 and 25001lg/1 and there is no reason to suggest that this range could not be extended by 
sample volume reduction or the use of split injections. 
It is often argued that HPLC techniques are faster than GC. However, Ciba (Anon, 1986) reported 
HPLC retention times of 8.0 and 9.6 min for cyromazine and of 13.0 and 13.4 min for melamine. 
These compare with 9.1 min for melamine and 11.2 min for cyromazine for a DB-17 column and 
GCINPD and 9.6 min for cyromazine on a DB-5ms column and GC/MS. Clearly, there is no 
advantage for either technique. The biggest advantage the use of GC appears to offer is the detection 
limit of 20 1lg/1 for both cyromazine and melamine on an NPD and as low as 1.0 1lg/1 by selective ion 
monitoring (SIM) GC/MS, compared with a detection limit of 50 1lg/1 for HPLC analysis. In 
addition, the GC technique is easy to use, whereas the HPLC method " .. .is a pain to use" (Toth, J.P. 
pers. comm., 1993). 
The use of an internal standard does not appear to be satisfactory for cyromazine quantification. 
This may well be a result of not choosing the appropriate compound. However, cyromazine behaves 
so differently from most other compounds, including other triazines, that it may simply be that 
external calibration is the best method to use for this chemical. It was found that a multi-linear 
regression gave the most consistent results for general analysis, especially if analysing samples over a 
broad concentration range. 
Clean-up techniques available from other sources (Anon, 1986; Bardalaye et al., 1987; Peaker et ai., 
1991a & b) failed to provide satisfactory removal of cyromazine from woolscour liquors. At best, 
these methods provided poor and inconsistent recoveries, even out of distilled water and, at worst, 
there was no recovery at all. Our method provides consistent recovery of cyromazine of greater than 
80% from woolscour waste waters and a mean of 100.6% from doped distilled water. In addition, 
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this technique could be used for the clean-up of cyromazine in other sample matrixes, eg, plant and 
meat residues. 
Samples containing cyromazine should not be exposed to excess heat, as may occur on a hot-plate or 
in an atmospheric oven. Sodium hydroxide may be used to hydrolyse protein residues, but care must 
be taken to minimise concentration and neutralise the NaOH prior to analysis. The ratio of 
ammonium to water appears critical for the successful elution of cyromazine and melamine from ion-
exchange columns. The recommended use of a I: 19 ammonia to methanol ratio by Ciba (Anon, 
1986) in the clean-up of crop residues is not supported by our results. However, the degree of 
protonation and the cationic exchange capacity of their system may differ from that used in this 
study. 
In this study cyromazine was significantly protonated through the use of TCA to precipitate proteins. 
It is postulated that after adsorption of the cyromazine on to the SCX cartridge, this cartridge is in a 
state of high [Hj concentration. Ammonia/ammonium is added in an equilibrium state (as not all 
ammonium is dissociated in an aqueous solution) as shown below: 
~OH ¢::> N~ + + OR" 
i-l, 
NH3 + H+ 
The aqueous ammonia solution has a net alkali pH, ie, low H+ ion concentration and high OR" ion 
concentration. To deprotonate cyromazine, NH\ and OR" must be present. Initially some OR" ions 
are 'mopped' up by the free H+ ions in the resin, thus reducing the amount of cyromazine that can be 
deprotonated. As the volume of the aqueous ammonia that passes through the cartridge is increased, 
free H+ ions are neutralised and more cyromazine is able to be deprotonated. Once deprotonated, 
free N~ + ions exchange with the cyromazine which is then eluted from the cartridge. Such 
behaviour would explain the need for the large volumes of aqueous ammonia used to successfully 
recover all the cyromazine. 
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4. The behaviour of cyromazine in aqueous solutions 
This chapter examines the behaviour of cyromazine in aqueous solutions, including its fate during 
woolscouring. The purpose of this work was to determine the likely concentrations of cyromazine 
reaching the aquatic environment. The significance of these quantities will be discussed in Chapter 6 
in relation to the aquatic toxicity of cyromazine, which is determined in Chapter 5. 
Three sets of experiments are discussed in this chapter: 
1. The adsorption of cyromazine and V etrazin ® by wool; 
2. The scouring behaviour of cyromazine in a simulated laboratory scouring trial; and 
3. The scouring behaviour of cyromazine from a selected farm lot of wool in the WRONZ pilot plant 
woolscour. 
4.1 Materials and methods 
Vetrazin® was provided by Ciba Ltd, Auckland New Zealand. 
Teric GN9, a nonionic nonyl-phenyl ethoxylate with 9 moles of ethylene oxide per nonyl-phenyl, was 
purchased from ICI New Zealand Ltd. 
All other chemicals and equipment were as previously described. 
4.1.1 Adsorption/desorption behaviour 
In order to better predict the behaviour of cyromazine on the fleece and during scouring, the 
adsorption of cyromazine (and Vetrazin~ by wool was measured over a 24 h period. 
A sample of scoured cross-bred wool top was extracted in a Soxhlet for 4 h using petroleum ether. 
Mter extraction, the wool was allowed to air-dry in a fumehood and equilibrate for 2 days. From this 
sample, a 2.0 g sub-sample (weighed to three decimal places) was removed and placed in a 250 ml 
conical flask on a magnetic stirrer. To this flask was added 200 ml of approximately 1000 mg/l 
cyromazine in distilled water. This solution was made from either 0.2 g of technical grade 97.5% 
cyromazine or 0.4 ml of Vetrazin® in 200 ml. Samples (0.1 ml) were taken of the test solution at 0, 
1,2,5, 10 and 30 min and 1,2,5 and 24 h. These samples were diluted in 10 ml of methanol, and 
0.2 ml of this solution was further diluted in 10 ml of methanol to yield samples with expected 
cyromazine concentrations of approximately 200 J.1g/1 for GC analysis. Tests were carried out at 
20°C and neutral pH (pH 7.0-7.5). Duplicate tests were conducted for both cyromazine and 
Vetrazin® solutions. Solutions were analysed by GCINPD. 
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4.1.2 Simulated laboratory scouring trials 
To investigate the scouring behaviour of cyromazine, simulated bench-top scouring trials were 
conducted. 
An approximately 175g sample of crossbred wool top was washed in cold water by gentle agitation 
in a bucket to remove water soluble processing oils. This sample was then passed through a 
laboratory pneumatic squeeze press (4 bar air pressure at 2 m/min) to give a resultant moisture 
content of approximately 60% wet add-on. The sample was then dried at 60°C in a laboratory oven. 
The above, dried and equilibrated sample of washed top (174.5 g) was treated by immersion in a 5 I 
solution of 2.0 mIll Vetrazin® (approximately 1000 mg/l cyromazine). After immersion, and gentle 
agitation for 5 min, the sample was passed through the pneumatic squeeze press as above. This 
sample was weighed wet and then dried in a laboratory oven at 60°C overnight. Theoretically, this 
treatment should have resulted in a concentration of cyromazine on the wool of 600 mglkg. 
For example: 
Therefore: 
Dry weight (at z 15% regain) 
Wet weight 
174.5 g 
279.4 g 
(wet add-on 60.1 % or 104.9 ml of solution) 
Concentration of cyromazine = 1.0 mg/ml :. == 104.9 mg 
104.9 mg 1174.5 g = 0.601 mg/g 
or 6011lg/g (mglkg) 
To check the treatment level, two 1.000 g samples of the treated wool top were Soxhlet extracted 
for 2 h using methanol. Extracts were then dried, since no clean-up was required, taken up in 100 ml 
of methanol, and 0.25 ml of this solution was further diluted to 10 ml to give an expected 
concentration of 150 Ilgl1 for GC analysis, ie: 
Ilg/g = [concentration from GC (Ilgll) x final sample volume/sample volume before 
dilution]l1000 m1l1 x volume of methanol used to extract wool (l00ml)/weight of 
wool 
= (llgl1 x 1010.25)11000 x 100/1.000 g 
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To determine the scouring behaviour of the above treated wool top, two 10 g samples (weighed to 
three decimal places) were scoured sequentially in five 800 ml beakers. Scouring conditions are 
summarised in Table 4.1. 
Table 4.1 Scouring conditions for laboratory scouring trials of cyromazine treated wool top. 
Volume Detergent Temperature 
Beaker 1 500ml 0.5 gil Teric GN9 60°C Squeeze 
Beaker 2 500 ml 0.5 gil Teric GN9 60°C Squeeze 
Beaker 3 500ml 0.5 gil Teric GN9 60°C Squeeze 
Beaker 4 500ml 15°C1 Squeeze 
Beaker 5 500ml 60°C Squeeze 
I 
15°C = cold tap water. 
The wool samples were placed in metal, sample-dyeing holders and agitated using an up and down 
motion for 1 min. The wool was removed from the dyeing holder after after agitation in each beaker 
and squeezed using the same squeeze press as above. The volumes in each beaker and the expressed 
liquors were recorded and 10 ml aliquots taken for analysis. The 10 ml aqueous aliquots were dried 
in a vacuum oven overnight at 60°C and then taken up in 10 ml of methanol. These samples were 
then diluted as appropriate. Dilution requirements were determined by injecting samples of beaker 1, 
squeeze 1, beaker 5 and squeeze 5 of one trial and linearly extrapolating between them. Dilutions 
were made to adjust final concentrations into the range 50-250 Ilg/l. 
Finally, both samples of 'scoured' wool were extracted with methanol in duplicate and analysed for 
cyromazine content. In addition, two samples ofVetrazin®treated wool top before scouring and two 
samples of untreated wool top were also analysed. 
4.1.3 Fate of cyromazine during wool scouring 
A range of single-farmer wool lots from a broker's store were analysed after 1 h methanol extraction 
(1 h being used for speed, because an indication only of the cyromazine level was required) and 
found to contain levels of cyromazine ranging from trace levels to approximately 7.6Ilglg. A batch 
of 868 kg (greasy) of Corriedale lambswool which had been found to contain the greatest 
concentration of cyromazine was bought at auction. Pre-sale testing of the wool indicated that the 
wool was 24.0 Jlffi in diameter and could be expected to have a scouring yield of 73.9%, based on 
16.6% regain. This wool was scoured in the WRONZ pilot plant woolscour (a 0.3 m wide equivalent 
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of a commercial AndarIWRONZ Comprehens~ve Woolscour, see Fig. 2.1). Before scouring, the 
wool from all five bales making up the line was thoroughly blended by hand layering. Samples of 
bowls 1,2 and 3 and the rinse bowls (4, 5 and 6 combined), plus flowdown and greasy and scoured 
wool were taken, as indicated by the sampling schedule in Table 4.2. 
Table 4.2 Schedule of sampling of liquors and wool during WRONZ pilot plant scouring trial 
of cyromazine treated wool. 
Time Bowll Bowl 2 Bowl 3 Rinse Flowdown Greasy 
water wool 
9:20 ./ ./ n.f ./ 
9:35 ./ n.f 
9:50 ./ ./ ./ ./ n.f ./ 
10:05 ./ 
10:20 ./ ./ ./ ./ ./ ./ 
10:50 ./ ./ ./ ./ ./ ./ 
11:20 ./ ./ ./ ./ ./ ./ 
11:50 ./ ./ ./ ./ ./ ./ 
12:20 ./ ./ ./ ./ ./ ./ 
13:20 ./ ./ ./ ./ ./ ./ 
14:20 ./ ./ ./ ./ ./ ./ 
15:20 ./ ./ ./ ./ ./ ./ 
n.f = no flowdoWll. 
-= no sample. 
Flowdown did not operate for the first 45 min and was increased throughout the run: 
0- 45 min 
45 min - 2 h 
2-3h 
3 h - end 
no flowdown 
4.7 I1min (282 1Jh) 
6.35 I1min (381 1Jh) 
10.0 I1min (600 1Jh) 
Scoured 
wool 
./ 
./ 
./ 
./ 
./ 
./ 
./ 
./ 
./ 
./ 
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In addition to flowdown from the scouring bowls, flowdown also operated from bowls 4 and 5 to 
waste at a constant 15 Vmin (900 Vh), and flow back operated from bowl 6 to 3 at a rate 
approximately equal to the flowdown from the first three bowls and proportional to the throughput 
of greasy wool. The greasy wool throughput had a direct influence on the volume of liquor being lost 
from bowl 6. Flowback operated from bowl 6 to bowl 3 then to 2 and to 1. The flowback from bowl 
6 was equivalent to the flowdown from bowl 1 plus the wet add-on of the wool (or moisture retained 
by the wool) as it leaves bowl 1. This is because the wool enters bowl 1 dry, the wet add-on of the 
wool leaving this bowl was about 50%. Thus, flowback from bowl 6 (Vh) will equal flowdown from 
bowl 1 (Vh) plus 0.5 Vkg wet add-on times the throughput (kg/h). In all other bowls the wet add-on 
of the wool entering the bowl and that leaving the bowl will (for our purposes) be regarded as equal 
and therefore as having no net effect. 
Collected samples were analysed for cyromazine using the QP5000 GC/MS after clean-up as 
described in Chapter 3. Wool samples were teased apart to destroy, as much as possible, the staple 
structure before random sub-samples were taken for extraction. Extraction of wool samples was 
achieved by 4 h Soxhlet extraction with methanol. 
4.2 Results 
4.2.1 Adsorption/desorption behaviour 
The results for the adsorption of cyromazine by petroleum ether extracted wool, presented in Table 
4.3, suggest that cyromazine demonstrates little affmity for petroleum ether extracted wool. 
However, the results of test 2 indicate some affinity after prdlonged exposure (greater than 2 h). The 
results of a similar pair of experiments conducted using Vetrazin® solutions are given in Table 4.4. 
Their similarity to those in Table 4.3, suggests cyromazine (even when formulated) shows no affinity 
for wool for up to approximately 2-5 h. From 2-5 h, both sets of results indicate limited adsorption 
of cyromazine by wool. The results for Vetrazin® suggest that this adsorption may be more 
pronounced in the presence of formulating agents (surfactants and emulsifiers, etc.) than in the 
previous experiments I,lsing technical cyromazine. However, the time scale of these effects is such 
that they would have no practical significance. 
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Table 4.3 Adsorption of cyromazine by cleaned wool top. 
Time Liquor concentration (mg/l) 
Test 1 Test 2 
o min 752 (CV = 5.5%1) 880 (CV = 11.6%1) 
1 min 842 ±462 n.t 
2 min 837 ±46 917 ± 1062 
5 min 767 ±42 971 ± 112 
10 min 723 ±40 866 ± 101 
30 min 803 ±44 880± 102 
Ih 793 ±44 775 ±90 
2h 873 ±48 730± 85 
5h 842 ±46 575 ± 67 
24h 803 ±44 651 ±76 
1 CV calculated on the mean of eight injections for test 1 and mean of four injections for test 2. 
2 
Figures ± 1 standard deviation, based on the CV of the Time 0 sample. 
n.t = Not tested. 
The results in both Tables 4.3 and 4.4 suggest some initial increase in the concentration of 
cyromazine in the liquors. One possible reason for the increased levels of cyromazine detected could 
have been the result of desorption of cyromazine from the wool (as the result of on-farm cyromazine 
treatment of the wool used in these experiments). To investigate this possibility, 2.0 g of wool 
(weighed to three decimal places) was placed in a conical flask containing 200 ml of distilled water 
and continually stirred using a magnetic stirrer. Samples were taken as for the above experiments, 
except 0.1 ml of water was diluted to 10 ml in methanol and then analysed by GC/NPD. No 
melamine or cyromazine was detected, thus ruling out the possibility of desorption in the above 
experiments. 
In Table 4.4 there is also a large discrepancy between the initial concentration in the first experiment 
(test 3) and the second (test 4). It is possible that this discrepancy was cal,lsed by incomplete mixing 
of the Vetrazin ® solution. This formulation is a 50% aqueous suspension of cyromazine and may be 
subject to 'settling' or partial aggregation during storage. Therefore, pipetting a sample from the 
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bottom of the container without adequate mixing could yield a solution of greater than expected 
concentration. There was no 'use by' or manufacturing date on our sample of Vetrazin® and it is 
possible the solution was unstable. 
Table 4.4 Adsorption ofVetrazin® by cleaned wool top. 
Time Liquor concentration (mgll) 
Test 3 Test 4 
o min 1415 (CV = 2.7%1) 707 (CV = 10.1 %1) 
1 min 2094 ± 56.52 n.t 
2 min 1630 ± 44 800± 8e 
5 min 1727 ± 47 656± 66 
10 min 1625 ± 44 778 ±79 
30 min 1900 ± 51 767 ±78 
Ih 2235 ± 60 729 ±74 
2h 1213 ± 33 669 ± 68 
5h 991 ± 27 672 ± 68 
24h 768 ± 21 488 ±49 
1 
CV calculated on the mean of eight injections for test 1 and mean of four injections for test 2. 
2 
Figures ± 1 standard deviation, based on the CV of the Time 0 sample. 
D.t = not tested. 
4.2.2 Simulated laboratory scouring trials 
Extraction ofVetrazin® treated wool top yielded a mean concentration in the GC analysed sample of 
403.39 f..1g/1 (expected was 150 f..1g/I) with a CV based on two injections of two samples (n=4) of 
5.59%. Corrected for dilution (40x), sample weight (mean = 1.066 g) and sample volume (100 ml), 
the concentration on the wool was 1515.70 f..1g/g, or some 2.5 times the nominally expected 
concentration. This result suggests one of the following: 
•. Vetrazin® demonstrated some positive adsorption to the cold water washed wool during padding, 
but this is not supported by the adsorption of Vetrazin ® by petroleum ether extracted wool 
reported above; 
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• some cyromazine was present on the cold water washed wool but this had been removed by 
petroleum ether extraction; 
• the actual concentration of cyromazine in the treatment solution differed greatly from the 1000 
mg/l expected. 
The latter explanation appears most likely. As discussed above, the initial concentration in test 3 
(Table 4.4) was twice that of test 4. The results presented in Table 4.5 for the analysis of various 
wool samples used in this scouring trial clearly indicate that the untreated wool was not a source of 
cyromazine. Thus, the only logical conclusion was that the initial liquor used to treat the wool 
contained more than 1000 mg/1 of cyromazine. 
Table 4.5 Analysis of cyromazine on wool top before and after laboratory scouring. 
Sample Wool weight Cyromazine Cyromazine 
(g) concentration concentration oww 
(,..gIIi (,..glgi 
Scoured la 1.024 232.98 24.31 
Scoured Ib 1.148 210.80 19.61 
Scoured 2a 1.094 333.58 32.58 
Scoured 2b 1.106 356.84 34.47 
Unscoured 1 0.994 11972.9 (130.04)3 1286.88 (1397.70) 
Unscoured 2 1.195 14106.8 (191.28) 1261.20 (1710.12) 
Untreated 1 1.038 17.83 1.77 
Untreated 2 1.237 17.40 1.50 
1 
Concentration in methanol used for extraction, corrected to 100 ml in a volumetric flask, mean of two 
injections. 
2 
Concentration on weight of wool (oww) corrected for standard drift, ie, eight injections of 100 J.1g/1 
standard (two after each sample pair): mean concentration 106.88 CV = 10.5%; correction factor = 
100/106.88 = 0.936 :.J.1g/g =[(J.1gll x l00Il000)/weight of wool]/0.936. 
3 
Figures in brackets represent l00-fold dilutions. 
The results for unscoured wool (Table 4.5) combined with those from the previous analysis of this 
Vetrazin® treated wool, above, provided a mean concentration of 1464.84/-lg/g, with a CV = 11.2% 
(n = 8). All values are in reasonable agreement, which again suggests the high result is real. Even 
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though the CV is 11.2%, this is significantly better than could be expected for greasy wool samples, 
as discussed later. 
Table 4.6 summarises the data for the concentration of cyromazine in each beaker and squeeze press 
liquor after scouring approximately 10.0 g of wool, 9.595 g for test 1 and 9.693 g for test 2. Each 
result represents the mean of two duplicate analyses. Figures 4.1 and 4.2 show the change in 
cyromazine concentration between successive beaker and squeeze press liquors, respectively. 
Table 4.6 Cyromazine concentration in liquors obtained from laboratory scouring of 
Vetrazin® treated wool top. 
Sample Test 1 Test 2 
Volume (mt) J.lgIIl Volume (mt) J.lgIIl 
Beaker 1 455 27685 (100) 410 22086 (100) 
Squeeze 1 85 48230 (100) 72 56510 (100) 
Beaker 2 430 3005 (50) 450 5587 (50) 
Squeeze 2 38 16666 (100) 41 21 724 (100) 
Beaker 3 410 1067 (25) 450 1254 (25) 
Squeeze 3 43 4815 (50) 38 6692 (50) 
Beaker 4 445 515.3 (10) 470 381.0 (10) 
Squeeze 4 44 1176 (25) 38 1796 (25) 
Beaker 5 375 154.9 (nil) 430 140.6 (nil) 
Squeeze 5 58 2448 (10) 50 1263 (10) 
1 Samples were diluted prior to analysis as indicated by figures in ( ). 
From Figures 4.1 and 4.2, it is apparent that most of the cyromazine is removed by the first two 
bowls and their associated squeeze presses. While the concentration of cyromazine in the liquors 
expressed at the squeeze presses is significantly greater than the beaker (bowl) concentrations, the 
true significance can only be assessed once concentrations are corrected for volume and weight of 
wool, ie, a mass balance is determined. 
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Fig. 4.2 Cyromazine concentration in squeeze press liquors after laboratory scouring. 
Table 4.7 summarises the results of the laboratory scouring trial in terms of a mass balance. Liquor 
concentrations were analysed after appropriate dilutions: beaker 1 and squeeze 1 and 2 liquors were 
diluted 100 times; beaker 2 and squeeze 3 - 50 times; beaker 3 and squeeze 4 - 25 times; beaker 4 
and squeeze 5 - 10 times; with beaker 5 solution being analysed without dilution. 
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Table 4.7 Mass balance of cyromazine in liquors during laboratory scouring trials. 
Sample Triall 
Mass of 
cyromazine 
(J.1g)l 
Initial wool3 14055 
Bowll 12597 
Squeeze 1 4100 
Bowl 2 1292 
Squeeze 2 633.3 
Bowl 3 437.5 
Squeeze 3 207.0 
Bowl 4 229.3 
Squeeze 4 51.74 
BowlS 58.09 
Squeeze S 142.0 
Total in liquors 19748 
Scoured wool 210.7 
1 
Mass based on wool weight or liquor volume. 
2 
Loss (%)2 
63.8 
20.8 
6.54 
3.20 
2.22 
1.05 
1.16 
0.26 
0.29 
0.72 
1414 
1.504 
Loss % in terms of total mass of cyromazine in liquors. 
3 
Based on mean level of 1464.84 on unscoured wool. 
4 
In terms of mass of cyromazine on unscoured wool. 
Trial 2 
Mass of Loss (%)2 
cyromazine 
(J.1g)l 
13 764 
9055 51.1 
4068 23.0 
2514 14.2 
890.7 5.03 
564.0 3.18 
255.0 1.44 
179.0 1.01· 
68.25 0.39 
60.46 0.34 
63.15 0.36 
17718 1294 
325.0 2.364 
Data obtained during these duplicate experiments suggests approximately 95% _2f. th~. residJJ~ 
cyromazine on wool would be removed in the first three scouring bowls and by their associated 
squeeze presses (Fig. 4.3). Therefore, a majority of the cyromazine contamination of woolscour 
liquors would be found in\ the flowdown. Between 1 and 2% residual cyromazine may remain on the 
wool after scouring and this may be supplemented with a similar concentration of melamine. The 
highest concentration of cyromazine was detected in squeeze lliquors (48 and 56 mgtl). However, 
even liquors from the fifth bowl contained 0.15 and 0.14 mgll for each test, respectively. 
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during laboratory scouring trials. 
4.2.3 Fate of cyromazine during woolscouring 
The weight of wool after scouring of the Corriedale lambswool was 561.40 kg at a regain of 5.3%. 
Based on an initial greasy weight of 868 kg at 16% regain the scouring yield was: 
561.40 kg @ 5.3% regain = 531.65 kg (dry) 
Thus the scouring yield 
. :. = 616.71 kg @ 16.6% regain. 
= 616.71 + 868.0 x 10011 
= 71.05%, which agrees well with the 
73.9% reported on the pre-sale certificate. 
The greasy wool throughput was recorded at 10 min intervals throughout the trial. Feed rate varied 
from a low of 60 kg/h (one low value only) to a high of 208 kg/h (immediately after this low value). 
The mean throughput was 150.71 kg/h (CV = 15.58%, n = 35). If the two extreme values are 
removed then the CV improves to 10.10%, without altering the mean. 
Table 4.8 presents the results for cyromazine analysis of all bowls as well as flowdown from the 
scouring bowls. Results are the mean of duplicate injections. It can be seen that a small amount of 
cyromazine (average 30.30 J.lg/1 in bowls 1-3) was present in the initial liquors at start-up. This 
probably reflects the presence of cyromazine in wool previously scoured in the plant, as liquors are 
not fully drained from these bowls at the end of a scourment. 
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Table 4.8 Cyromazine concentrations in scouring liquors of the WRONZ pilot plant 
wool scour. 
Sampling Cyromazine concentration (J.lgII) 
time 
Bowll Bowl 2 Bowl 3 Flowdown Rinse bowls 
Start 29.84 23.12 38.00 n.t 3.79 
9:35 354.04 n.t n.t n.t n.t 
9:50 589.16 456.80 93.01 n.t 8.89 
10:05 617.31 n.t n.t n.t n.t 
10:20 1024.44 429.47 160.16 798.05 9.78 
10:50 954.49 544.36 149.36 917.78 11.79 
11:20 1064.21 569.23 131.87 977.58 14.20 
11:50 898.80 679.46 301.05 1374.45 19.88 
12:20 933.45 701.68 283.13 1142.90 18.48 
13:20 1171.03 813.62 331.69 1945.12 17.87 
14:20 1925.55 983.62 293.93 1954.79 17.21 
15:10 (end) 1346.08 951.78 233.96 1404.19 19.13 
n.t = Not tested. 
Negligible levels of cyromazine were present in the rinse bowls at the start of processing. It must be 
stressed that the value for rinse bowls was an average value for all three bowls, and that bowl 4 may 
have been twice this average, bowl 5 approximately equal to the average and bowl 6 could have been 
zero. However, as all three bowls are discharged together, but not in equal volumes, then it is 
reasonable to analyse them as a combined solution. The concentration of cyromazine in bowl 1 
increased rapidly, but appears to plateau around 10:20 at =1000 Jlg/I (1.0 mg/l), with a sudden 
increase to almost double this at 14:20 (Fig. 4.4). The reason for this increase is unclear but it is also 
mirrored in flowdown liquor concentrations which trend in much the same way, and at similar 
concentrations, as bowl 1 liquors. Bowl 2 liquor concentrations were approximately half to a quarter 
of those of bowl 1 but this ratio was increased in the latter half of the trial (excluding samples taken 
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at 14:20). Bowl 3 liquor concentrations tended to be only a quarter of those of bowl 2, suggesting a 
significant amount of the removal of any cyromazine occurred in the first two bowls. 
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Fig. 4.4 Cyromazine concentration in scouring bowls and flowdown of WRONZ 
pilot plant woolscour. 
Ten samples of greasy and scoured wool were taken throughout the trial and analysed for 
cyromazine. As can be seen from Table 4.9, the measured concentrations on both the greasy and 
scoured wool vary quite markedly, with high coefficients of variation. However, the mean 
concentrations can be used to assess a mass balance and the removal efficiency for cyromazine. If the 
high value of 37.82 ~glg is removed from the greasy wool analyses (this value being greater than 2 
standard deviations) then the mean is reduced to 11.33 ~glg, with a CV of 55.31 % (standard 
deviation, ± 6.27 ~glg). This value has been used for subsequent determinations of mass balance. 
However, if the figure of 25.33 ~glg is also removed, then the mean decreases to 9.58 ~glg with a 
CV of 38.21 % (standard deviation, ± 3.66 ~glg). Although greasy and scoured wool samples were 
taken at the same time, the samples are not directly comparable. 
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Table 4.9 Concentration of cyromazine on greasy and scoured wool. 
Sample time Cyromazine concentration <,..glg) 
Start 
9:50 
10:20 
10:50 
11:20 
11:50 
12:20 
13:20 
14:20 
15:10 (end) 
Mean 
Greasy wool 
9.81 
25.33 
3.09 
13.22 
12.65 
5.11 
9.59 
12.26 
37.821 
10.92 
13.98 (CY = 73.32%) 
1 Figure outside two standard deviations of mean. 
Scoured wool 
0.92 
0.38 
0.51 
0.36 
0.31 
0.34 
1.35 
0.59 
1.13 
0.60 
0.65 (CY = 55.97%) 
Table 4.10 summarises the mass balance of cyromazine in the WRONZ pilot plant woolscour. The 
concentration of cyromazine represented by each 'flowdown' stream was calculated as the time-
averaged mean concentration of cyromazine multiplied by the time-averaged flow. For example, for 
flowdown associated with scouring this was based on: 
10:05 - 11 :20, flowdown = 282 1Ih; for a total of 352.5 I 
at a mean cyromazine concentration of 0.8978 mg/I :.316.47 mg cyromazine; plus 
11 :20 - 12:20, flowdown = 378 IIh; for a total of 378.0 I 
at a mean cyromazine concentration of 1.2587 mg/l :.475.79 mg cyromazine; plus 
12:20 - 15:10, flow down = 600 1Ih; for a total of 1700.0 I 
at a mean cyromazine concentration of 1.7680 mg/I :.3005.60 mg cyromazine; for a 
total of 3797.86 mg. 
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Flowdown from rinsing (bowls 4 and 5) was calculated as: 
flowdown = 1800 lIh; for a total of 10 494 I 
at a mean concentration of 0.0153 mgll x l.5 (:::= average concentration for bowl 4 and 
bowl 5 only) :.240.84 mg. 
Table 4.10 Mass balance and removal of cyromazine during woolscouring. 
Source of cyromazine (mass or volume) and 
concentration (mgll or mglkg) 
Greasy wool 868 kg @ 11.33 mglkg 
Scoured woo1618.66 kg @ 0.65 mglkg 
Bowl 1 at end, 7601 @ 1.34608 
Bowl 2 at end, 760 I @ 0.95178 
Bowl 3 at end, 760 I @ 0.23396 
Rinse bowls at end, 2280 I @ 0.01913 
Flowdown from scouring 
Flowdown from rinsing 
Total amount of cyromazine accounted for 
Mass of 
cyromazine 
(mg) 
9834.44 
402.13 
1023.02 
723.35 
177.81 
43.62 
3797.86 
240.84 
6408.63 
Proportion 
of mass 
(%) 
n.a 
4.09 
10.40 
7.36 
1.81 
0.44 
38.62 
2.45 
65.17 
Flowdown from bowl 6 did not contribute to the mass balance outlined in Table 4.10 because this 
liquor flows to bowl 3. The cyromazine it contains would ultimately be reflected in the scouring and 
scouring flow down liquor concentrations. 
From Table 4.10 it is evident that only slightly more than 65.0 % of the apparent cyromazine present 
on the greasy wool can be accounted for. However, given the large standard error in the 
measurement of greasy wool concentration, this figure is reasonable. Figure 4.5 represents the 
percentage of the cyromazine accounted for (ie, of the 6408.63 mg) associated with each source at 
the end of the pilot plant trial. Clearly, the flowdown from the scouring bowls (FO) was responsible 
for the greatest loss of cyromazine. In addition, bowl 1 (B1) and bowl 2 (B2) final liquor 
concentrations collectively accounted for in excess of 25% of the total cyromazine recovered. 
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During this trial, a total of 2430.5 1 of water was discharged as flowdown from bowl 1. This equates 
to 2.8 l/kg of greasy wool processed. Rinse water usage was 10 4941, which equates to 12.1 l/kg of 
greasy wool. Therefore, the total water consumption was 14.9 l/kg. 
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Fig. 4.6 Removal of cyromazine from wool in the WRONZ pilot plant wool scour. 
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Figure 4.6 represents the percentage of the total cyromazine recovered associated with each liquor 
stream as well as the cumulative removal efficiency. The results from this figure may be directly 
compared with those of Fig. 4.3. 
From the results presented in Fig 4.5 it is possible to formulate a simple model to predict the 
concentration of cyromazine in various liquor streams and on scoured wool at the end of a scouring 
run. This model will calculate maximum equilibrium concentrations and, as such, the model will be 
useful for determining theoretical cyromazine concentrations that would be acceptable on greasy 
wool in order to ensure environmental protection. The model is as follows, with partitioning 
coefficients determined from Fig. 4.5: 
Concentration in liquor (mg/l) or on wool (mg/kg) = 
[concentration of cyromazine on greasy wool (mg/kg) x (kg of greasy wool)] 
+ [volume x (partitioning coefficient)] 
where: volume = total volume of stream or bowl, where the volume of a 
stream = [water consumption (l/kg) x kg of greasy wool], or 
[liquor flow (I1h) x h of production]. 
Partitioning coefficient = 0.593 for flowdown; 
0.160 for bowl 1 fmal concentration; 0.007 for rinse bowls; 
0.113 for bowl 2 final concentration; 0.038 for flowdown from rinsing; 
0.028 for bowl 3 fmal concentration; and 0.063 for scoured wool. 
This model was used to calculate final concentrations, based on a cyromazine content of the wool of 
11.33 mg/kg, given in Table 4.11. This Table also presents data calculated from a wool 
concentration of 7.38 mg/kg (6408.43 mg + 868 kg), as well as the observed values from Table 4.8 
and 4.9. 
The use of this same model to predict liquor concentrations as a result of scouring cyromazine 
contaminated wool in a commercial woolscour is presented in Table 4.12. 
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Table 4.11 Use of a model to predict cyromazine concentrations in liquors and on scoured 
wool associated with the WRONZ pilot plant woolscouring trial. 
Cyromazine 
concentration 
Source Cyromazine concentration (J.Ig /I) 
(Greasy wool, J.Ig1g) 
11.33 Flowdown 
Bowl 1 
7.38 Bowl 2 
Bowl 3 
Rinse bowls 
Rinse flowdown 
Scoured wooe 
1 Based on a wool content of 11.33 Ilg/g. 
2 Based on a calculated wool content of 7.38 Ilg/g. 
3 Concentration in Ilg/g. 
Expected aliI Expected 
corrected2 
2.399 1.563 
2.070 1.349 
1.462 0.952 
0.362 0.236 
0.030 0.020 
0.036 0.023 
0.714 0.465 
Observed 
1.404 
1.346 
0.952 
0.234 
0.019 
0.019 
0.650 
Table 4.12 Predicted liquor (mg/l) and scoured wool (mglkg) cyromazine 
concentrations in a commercial woolscour. 
Source Volume (I) Greasy wool concentration (mglkg) 
10 20 50 
Flowdown 50000 2.37 4.74 11.86 
Bowl 11 3000 10.67 21.33 53.33 
Bowl 21 3000 7.53 15.07 37.67 
Bowl 31 3000 1.87 3.73 9.33 
Rinse bowls2 15000 0.09 0.19 0.47 
Rinse flowdown 800000 0.01 0.02 0.05 
Scoured wool 20000 0.63 1.26 3.15 
1 Volume based on a WRONZ mini-bowl. 
2 Volume based on two 'long' rinse bowls plus one final mini-bowl. 
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4.3 Discussion 
4.3.1 Adsorption/desorption behaviour 
® 
Results clearly indicated that cyromazine and Vetrazin did not preferentially adsorb on petroleum-
ether-extracted wool top. However, wool cleaned in such a manner lacks fibre contaminantion due 
to woolgrease which is known to preferentially adsorb lipophilic pesticides (Rankin et al., 1992). 
Would, then, the use of greasy wool alter the observed results? At this stage it is believed not, and 
the reasons for this are two-fold: 
• cyromazine is not lipophilic, and; 
• cyromazine does not strip (preferentially adsorb on to the fleece) from a dipping solution (Hart et 
aI., 1982). 
Both these reasons are supported by our findings. 
4.3.2 Simulated laboratory scouring trials 
The concentration of cyromazine on the wool used in these experiments was approximately 750 
times higher than would normally be expected on wool before scouring. Rankin et al. (1992) 
measured levels of cyromazine up to 13.0 Jlg/g on greasy wool, with an average of approximately 
2.0 Jlg/g. Testing of pre-sale wool lots prior to the purchase of our Corriedale lambswool revealed 
levels ofcyromazine ranging from 0 to 7.63 Jlg/g. The volume of flowdown liquor discharged from 
the WRONZ Comprehensive Scouring System is between 1.3 and 4.0 Ukg greasy wool (average 1.5-
2.0 Ukg) (Stewart, 1988). Therefore, the liquor ratio used in oUf trial (50: 1) was approximately 33 
times greater than the liquor ratio used in most New Zealand woolscours, (ie, 50 -:- 1.5). This would 
suggest that the liquor concentrations (of cyromazine) in a woolscour would be of the order of 23 
times (750 -:- 33) lower than those observed in our laboratory trials. In our trial: 
• squeeze 1 liquors contained 53 mg/l, which would equate to approximately 2.3 mg/l in a 
woolscour; 
• bowl 1 liquors contained 25 mg/l, equivalent to 1.1 mg/l in a woolscour. 
Total flowdown liquor from a woolscour could therefore contain approximately 0.5-1.0 mg/l of 
cyromazine. 
These results suggest that significant levels of cyromazine may be discharged from a wOOISCOUf. 
Depending upon what form of effluent treatment this liquor experiences, this could result in 
environmental contamination at a level sufficient to result in toxic effects to aquatic insects. 
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Certainly, where simple ponding or wetland treatment is practised, polar cyromazine may not be 
removed. 
In Table 4.7 it is apparent that the total amount of cyromazine accounted for by the liquor 
concentrations does not tally very well with the total amount of cyromazine present on the treated 
wool. Recoveries were 141 and 129% for the two tests, respectively. However, given the large 
dilution of some liquors prior to analysis, and the inherent errors this introduces, these results are 
reasonable. 
4.3.3 Fate of cyromazine during woolscouring 
The variance of the cyromazine concentration on both the greasy and scoured wool analyses was 
very high. However, this high variance was expected, as the application of ectoparasiticides to sheep 
is not uniform. Farmers often concentrate on treating the backline and crutch areas, thus wool from 
the underside of an animal may contain very little pesticide. Pesticides will also be unevenly 
distributed within the fleece for other reasons. The tip of a wool staple will be exposed to the effects 
of weathering and thus hydrolysis and photolysis of any pesticides present. Conversely, the base of a 
wool staple will contain new wool (as a result of growth after dipping), which will contain very little 
pesticide. 
Therefore, the recovery of only 65.17 % of the total cyromazine apparently present on the greasy 
wool is not as disappointing as the results initially indicate. Further, the use of a mean value of 
11.33 f.lg of cyromazine per gram of greasy wool was still a conservative measure. This value was 
greatly influenced by the result of 25.33 f.lg/g which is outside two standard deviations of the mean 
(11.33 f.lg/g). Exclusion of this value reduces the mean to 9.58 f.lg/g (CV = 38.21 %) with all other 
values within the 95% confidence interval. Use of the lower mean would indicate a mass balance of 
approximately 77 %. 
The concentration of cyromazine in the flowdown liquor of 1.0-2.0 mg/l agrees well with the values 
predicted above, based on laboratory scouring trials. Indeed, the cumulative percentages removed 
are also similar if the results for flowdown are combined with the bowl 1 final concentration (Fig. 
4.6) and compared with the results of beaker 1 + squeeze press 1 of the laboratory trial (Fig. 4.3). 
The amount of water used for scouring (flowdown, 2.8 l/kg) in this trial was typical of a New 
Zealand woolscour, although some woolscours may be using half this amount, while others may use 
up to 4.0 l/kg. As such, the concentrations in bowll,at the end of the scouring run, and in the 
flowdown, observed in this trial should be approximately equal to commercial liquors resulting from 
scouring a wool of similar cyromazine content. The amount of water used for rinsing was probably 
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only one third the normal amount used in New Zealand scours (Stewart, 1988); a typical value 
would be closer to 40 l/kg. Thus, the concentration of cyromazine in rinse water could be expected 
to be one third that observed. 
The predicted cyromazine concentrations in the WRONZ pilot plant woolscour, based on the 
proposed model and a corrected wool concentration of 7.38 ~glg, show good agreement with the 
observed values, as the model was derived from them. From Table 4.12 it is apparent that the liquor 
concentrations in the scouring bowls of a commercial scour are likely to differ significantly from the 
values observed in the WRONZ pilot plant, while flow down liquor concentrations would be similar. 
Flowdown in the WRONZ pilot plant was 2.8 1/kg, whereas flowdown in the example of a 
commercial scour used in Table 4.12 was 2.5 1/kg. Scouring bowl volumes in the WRONZ pilot 
plant are one quarter those of commercial mini-bowls, resulting in a four times greater liquor 
exchange due to flowdown. This should result in cyromazine concentrations in the scouring bowls of 
a commercial scour being approximately four to five times greater. 
The model outlined in this Chapter could be used to establish maximum greasy wool cyromazine 
concentrations. These would be set such that discharge liquor concentrations did not exceed any 
environmentally established toxicity limit for cyromazine (see Chapters 5 and 6). 
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5. The toxicity of cyromazine and diflubenzuron to Chironomus zealandicus 
(Chironomidae) and Deleatidium sp. (Leptophlebiidae) 
5.1 Introduction 
This chapter outlines the aquatic toxicity testing conducted as part of this study. Most of this toxicity 
testing was carned out with cyromazine, although a small amount of testing using diflubenzuron was 
conducted for comparison. The bulk of this chapter has, in a slightly modified form, been accepted 
for publication in Pesticide Science for early 1995 (Robinson and Scott, 1995). 
At present, the taxonomy of New Zealand's Chironomus genus is under review by Forsyth (pers. 
comm., 1992). The organisms used in this study are believed to be the same as those used by Robb 
(1966) in his study of the Bromley sewage ponds. Robb referred to his larvae as Chironomus 
zealandicus (thummi larval phenotype). Under Dr Forsyth's proposed nomenclature, larval material 
used in this study sent to him for identification was referred to as Chironomus sp.l, pending formal 
description (Forsyth, pers. comm., 1992). However, this material will be referred to as C. 
zealandicus in the remainder of this chapter. 
A chironomid was chosen as the principal toxicity test species for this work for several reasons. 
Chironomids are dominant or co-dominant in most New Zealand freshwater ecosystems and, as such, 
represent an important source of food for many fish species (McLay, 1968; Sagar, 1983; Scrimgeour 
et aI., 1988). Chironomus is a cosmopolitan genus, and represents a useful subject for toxicity 
testing. Chironomids have been used for toxicity testing by several workers and it has been 
concluded that chironomids are extremely suitable as bioassay organisms for evaluating chronic 
toxicities (Macek et aI., 1976b). In addition, it was claimed (Anon, 1979) that cyromazine possessed 
specific activity against dipteran larvae. Thus, it seemed appropriate to test toxicity against an 
aquatic dipteran. 
In addition to C. zealandicus, we decided to evaluate the acute toxicity of cyromazine to mayfly 
larvae of the genus Deleatidium. Mayfly nymphs often exploit similar habitats to those of some 
chironomids in New Zealand and are often co-dominant with them. Deleatidium nymphs are the 
most common mayflies in New Zealand's freshwater ecosystems (McLay, 1968; Sagar, 1983; 
Scrimgeour et aI., 1988) and have been noted for their sensitivity to pollution (Suckling, 1982). We 
considered that testing with this organism would provide data to contrast with those obtained for 
Chironomus. 
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For completeness, limited toxicity testing was carried out using the IGR diflubenzuron. 
Diflubenzuron has recently (1992) been registered for use in New Zealand as a sheep ectoparasiticide 
for the control of fly-strike and lice. Diflubenzuron is sold under the trade name Zenith® for this 
application. Diflubenzuron, like cyromazine, possesses low mammalian toxicity and has a claimed 
efficacy against fly-strike of 12-16 weeks. As such, Zenith® is likely to be a significant competitive 
product in relation to Vetrazin®. However, diflubenzuron was reported to be highly toxic to some 
aquatic organisms (Fischer and Hall, 1992). 
5.2 Materials 
5.2.1 Chemicals 
Zenith®, a 25% aqueous emulsion of diflubenzuron was supplied by Pitman-Moore New Zealand 
Ltd. 
All other chemicals were as previously described. 
5.2.2 Tanks 
Tanks used for bioassays and larval rearing were constructed of flat glass with silicon joints, and 
measured 40 x 25 x 25 cm. Fine gravel (0.5-1.5 cm) was placed to a depth of approximately 2.5 cm 
in three jute/polypropylene mesh-lined plastic mesh trays (17.0 x 12.5 x 3.0 cm), which were placed 
in each tank. Stones were prewashed in non-chlorinated tap water. A loop of string, which passed 
through a small cork, was attached to the end of each tray. The string was long enough to allow the 
cork to float on the surface of the water and facilitated easy removal of the trays and the larvae they 
contained. 
The tanks were filled with approximately 251 of tap water (as above) and were aerated using a flat 
under-gravel aerator, covering approximately 75% of the tank's bottom surface area. They were 
housed in a controlled environment room at 20±1 °c and 50±5% RH. A 12: 12 light:dark photoperiod 
was maintained with artificial lights of approximately 170-370 lux at 1.0-1.5 m; some experiments 
used a 2300-2700 lux lamp at 1.0-1.5 m. 
5.2.3 Test insects 
Chironomid egg masses were collected from the oxidation ponds of the Christchurch City sewage 
treatment works at Bromley and transferred to the laboratory in small glass vials. Chironomid egg 
masses are quite distinctive, generally being species specific. Larvae and pupae reared from collected 
egg masses were sent to D. J. Forsyth for identification. 
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Egg masses of C. zealandicus are crescentric, gelatinous capsules, 10-15 mm long, which are held to 
filamentous algae or the surface of stones by a long (up to 20 mm) gelatinous holdfast. The centre of 
the egg mass is hollow and individual eggs are arranged in whorls around the circumference of the 
'cylinder'. After collection, the number of eggs in a mass was estimated by counting the eggs in each 
end whorl and in one middle whorl, and then multiplying the mean of these values by the number of 
egg whorls in the mass; egg masses typically contain 300-1600 eggs. An individual egg mass, or half 
an egg mass for the chronic tests, was then placed in a floating support (Fig. 5.1) in a tank that had 
been filled with water for at least 24 h. Previous studies have demonstrated the need to hold egg 
masses close to the surface to ensure successful hatching (Scott, R.R., pers. obs.). 
Plastic retaining ring 
Polystyrene block 
"- Jute/polypropylene mesh 
Fig. 5.1 Float used to support egg masses of Chironomus zealandicus prior to hatching. 
Once hatching occurred, usually three to four days after egg collection, a small amount of ground 
"Tetrafin" (TetraWerke, Germany) fish food was added to the tank. Food additions were varied 
throughout the rearing period, in response to demand, to prevent significant degradation of water 
quality. Feeding was carried out every two to three days, with sufficient being added to maintain a 
small, visible excess on the surface of the substrate. The activity and death of larvae, and emergence 
and death of adults were recorded. To prevent adults escaping from the tanks, each tank was 
covered by a wooden-framed jute/polypropylene mesh screen. Adults were removed from the tanks, 
counted and sexed. Males have a narrower, more tapered abdomen that curves slightly upwards at 
the end, are lighter in colour and have plumose antennae; females are broader in the abdomen, darker 
in colour and possess pilose antennae (see Fig. 5.2). 
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Fig. 5.2 Adult Chironomus zeaklndicus, showing broader abdomen 
of females (left). 
Because of a lack of good data on habit and rearing, Deleatidium nymphs were collected from the 
field (Selwyn River at Coes Ford) when needed for bioassays. Collection involved disturbing the 
river gravel by hand while holding a triangular drift net downstream. Collected material was 
transferred to a litre pottle for transport back to the laboratory. Nymphs of a uniform size class 
(approximately 10 mm long) were selected and individuals were checked for damage (ie, loss of legs, 
gills, or other obvious damage). They were transferred to the same tanks as previously used for 
chironomid rearing. The tanks contained approximately 10 1 of water which was aerated vigorously, 
using two round air stones in place of the under gravel aerator previously used. The temperature in 
the controlled environment room was lowered to lS±loe, but photoperiod and illumination were not 
altered. Nymphs were held in the tanks for a minimum of 24 h before testing. 
5.3 Methods 
Acute, chronic and whole-of-life cyromazine toxicity tests were performed using C. zealandicus 
larvae and egg masses, but only acute toxicity tests were performed on Deleatidium. nymphs. 
Vetrazin® was used only for acute toxicity tests, whereas Zenith® was used for both acute and 
chronic toxicity testing against Chironomus larvae. 
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5.3.1 Acute toxicity tests 
Larvae and nymphs were removed from their tank by lifting the gravel trays and tipping the contents 
into a shallow sorting tray. Both species were sorted from the gravel and placed in one large dish, 
from which they could all be added quickly to test potties. 
The control mortality of both chironomid larvae and Deleatidium nymphs was assessed before any 
chemical bioassays were conducted. Larvae or nymphs were placed in test pottIes and their survival 
assessed after 24,48 and 96 h. The use of test pottIes ('Lily' cups) as opposed to Petri dishes was 
also evaluated, with and without supplementary feeding. The stability of cyromazine in test pottIes, 
with and without substrate, at a concentration of 100 mg/l was assessed over a 96 h period. Samples 
of liquor were taken at 0, I, 2, 4, 6, 24, 48 and 96 h, and the concentration of cyromazine measured 
by GC/NPD after drying and taking-up in methanol. 
Test potties used for chironomid larvae originally contained the test solution only. Later test potties 
for chironomid larvae contained a fine layer of acid-washed, neutralised, sea sand (Riedel-de Haen 
AG, Seelze-Hanover) and five or six small stones as used in the tanks. The larvae were observed to 
make tubes from the sand and attach them to the underside of the stones. This arrangement· 
minimised the incidence of cannibalism. Test pottIes for Deleatidium nymphs contained test solutions 
only. The larvae and nymphs were not fed during the tests, which were conducted in the same 
controlled environment room used to house the tanks. Larval mortality was assessed by lack of 
movement when gently prodded. Chironomid tests were conducted at 20°C with a 12:12lightdark 
photoperiod; Deleatidium bioassays were conducted at 15°C with a 12:12 light dark photoperiod. 
Concentration range-finding tests were conducted using disposable polystyrene cups containing 
70 ml of test solution. Initial range-finding tests were conducted using 1000, 100, 10, 1.0 and 
0.1 mg/l of technical cyromazine, and 1000, 100, 10 and 1 mg/l of active ingredient (as Vetrazin® or 
Zenith~. Three replicates were used for each test concentration and five tap water controls. The 
instar of C. zealandicus larvae in each test was detennined by larval length (Robb, 1966; Graham, 
1976). Acute toxicity tests were conducted for 96 h using C. zealandicus larvae and 48 h, using 
Deleatidium nymphs. The shorter duration for Deleatidium nymphs was because we thought they 
were less likely to survive 96 h in unaerated pottIes, whereas the ability of chironomids to survive in 
low dissolved oxygen is well documented (Robb, 1966; Graham, 1976). Acute toxicity tests, using 
chironomids, were conducted over two summers, and tests with Deleatidium were conducted in the 
intervening winter. 
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5.3.2 Chronic bioassays 
Chironomus zealandicus egg masses were approximately halved by dissecting them crosswise at a 
mid-point determined by counting the number of egg whorls. The number of eggs in each half was 
then estimated, as previously described. One half was reared in a tank containing only tap water and 
substrate, the other in a tank containing substrate and a dilute solution of either technical cyromazine 
or Zenith® (as active ingredient) of 100, 50 or 10 Ilg/l (0.100,0.050 and 0.010 mg/l). Both tanks 
were given equal amounts of food until pupae or adults first developed in the control tank. At this 
stage, the gravel trays were removed, all larvae, pupae and adults counted and larval size measured 
(n=20). The difference between the sum of larvae, pupae and adults and the estimated number of 
eggs was used as a measure of mortality. Duplicate experiments were carried out at each test 
dilution. 
Two additional tests, at 50 and 25 Ilgl1, were taken through to complete adult emergence to 
determine possible effects on whole-of-life development, especially adult emergence. The 
illumination for these two tests involved the brighter lamp (2300-2700 lux). This appeared to have 
had the effect of shortening the period over which complete adult emergence occurred from 
approximately 40 to 10-15 days. 
Between tests, all apparatus was thoroughly washed with hot water. Fresh gravel was used each 
time. Chronic bioassays were also conducted over two summers; individual tests took approximately 
one month. 
The loss (degradation) of cyromazine in an aquarium was assessed as part of the first chronic 
bioassay (ie, 100 Ilg/l). Liquor samples were taken from the aquarium, dried overnight in a vacuum 
oven at 60°C and analysed by GCINPD after redissolving in methanol. 
5.3.3 Vulnerable life stage 
In response to the chronic bioassay results, it was decided to conduct a preliminary experiment to 
determine the most susceptible, or critical life stage, of C. zealandicus. It had already been observed 
that cyromazine was toxic to unhatched eggs at 100 Ilgll. Therefore, 12 egg masses were placed in a 
20 ml vial containing tap water. These vials were gently shaken for three days in a water bath at 
20°C, after which all egg masses had hatched. The larvae were transferred to 200 ml conical flasks 
containing 150 ml of tap water. Six flasks containing larvae were treated with cyromazine to give a 
resultant concentration of 125 Ilg/l, and another six flasks were tap water controls. The flasks were 
shaken for a further 14 days (food was added every two to three days) and whole flask larval 
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mortality was assessed (ie, individual larval fate was not recorded; the criterion being: Were live 
larvae present in the flask at the end of the test?). 
A further test was conducted where egg masses were exposed to a similar concentration (125 ~g/l) 
of cyromazine in 850 ml of tap water from the time of collection; ie, as occurred in the normal 
chronic and whole-of-life bioassays. In this test, two egg masses were added to each of six beakers. 
Again, larval hatch and survival were recorded on a whole flask basis. 
5.3.4 Microscopic examination 
A number of samples were examined using both transmission light and scanning electron 
microscopes. A Nikon Optiphot-2light microscope, equipped with a Nikon FX-35WA camera and 
AFX-IIA exposure meter, was used for all light microscopy and the taking of light micrographs. 
Samples were generally suspended in water and viewed, without a coverslip, using 4x, lOx and 40x 
objective lens with 1 Ox ocular lens. 
Eggs were prepared for scanning electron microscopy (SEM) according to the method of Ashe and 
Murray (1982). Larvae were prepared by dehydration in an ethanol series followed by transfer to 
amyl acetate in a graded series. Samples were dried in a Polaron E3000 critical point drier, mounted 
on stubs and coated with =300 A of gold. Some dehydration damage was evident in some samples, 
and this method generally proved unsuitable for larvae older than one or two days. All electron 
micrographs were obtained using a JEOL JSM 6100 scanning electron microscope; this was usually 
operated at 8 kV. 
5.4 Results 
5.4.1 Acute toxicity tests 
The effects of feeding, substrate and container on the control mortality of C. zealandicus larvae are 
summarised in Tables 5.1 and 5.2. From Table 5.1, it is clear that the use of sand and gravel in the 
test containers greatly improved the recovery of larvae. When sand and gravel were used, 80-100% 
of larvae initially introduced were recovered after 96 h, whereas without sand and gravel, recoveries 
ranged from 30-50% (although all those recovered were alive). 
The results in Table 5.2 indicate that feeding offered no advantage in terms of reducing control 
mortality. Indeed, excessive food could easily result in larval test containers becoming anoxic, 
resulting in the total loss of larvae. Petri dishes, because of their large surface area to volume ratio, 
were subject to water loss during tests. This water loss would likely alter the concentration of the 
test chemicals and, in extreme instances, could result in the complete drying out of the sample. 
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Table 5.1 Effect of substrate on control mortaUtyl of Chironomus zealandicus 
larvae in test containers. 
Larval mortality % (recovery %) 
No substrate Sand and gravel present 
Pottle After 24 h2 After 96 h2 After 96 h2 After 96 h3 
1 0(70) 0(30) 0(90) 10 (90) 
2 0(90) 0(50) 0(90) 10 (100) 
3 0(70) 0(40) 0(100) 10 (100) 
4 20 (100) 20 (50) 0(100) 10 (100) 
5 0(70) 0(40) 0(80) 0(90) 
mean 4 (80) 4 (42) 0(92) 8 (96) 
1 Mortality based on number alive/number recovered, tests conducted at 20°C 12:12 light dark. 
2 'Lily' cup. 
3 Petri dish. 
Table 5.2 Effect of container and feeding on the control mortalityl of 
Chironomus zealandicus larvae. 
Larval mortality % (recovery %) 
Fed Unfed 
Pottle Cup Petri dish Cup Petri dish 
1 100 (100)2 20 (100) 0(90) 10 (90) 
2 100 (100) 10 (100) 0(90) 10 (100) 
3 100 (100) 10 (100) 0(100) 10 (100) 
4 100 (100) dried out 0(100) 10 (100) 
5 100 (100) 0(100) 0(80) 0(90) 
mean 100 (100) 8 (100) 0(92) 8 (96) 
1 Mortality based on number alive/number recovered, tests conducted at 20°C 12:12 light dark. 
2 All cups in this test became anoxic. 
As a consequence of the results in Tables 5.1 and 5.2, cups were chosen over Petri dishes for two 
main reasons: 
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1. cups were less likely to dry out or significant evaporation was less likely to occur so that the 
likelihood of changes in test concentration was avoided; and 
2. cups were disposable, thus preventing possible carry-over of contamination between tests. 
Cyromazine concentrations in the test potties were constant throughout the 96 h chosen for 
chironomid bioassays (see Table 5.3). These results suggest there was no significant adsorption of 
cyromazine to either the test containers or any substrate that was used. 
Table 5.3 Stability of cyromazine in bioassay potties under test conditions. 
Cyromazine concentration (mg/l) 
Time (h) No substrate Sand added Sand and gravel 
0 111.12 ± 7.15%1 111.12 111.12 
1 123.93 139.46 128.77 
2 121.40 121.00 139.40 
4 114.36 76.72 115.37 
6 126.37 126.20 121.02 
24 134.91 120.44 134.91 
48 116.63 118.41 111.54 
96 112.63 113.06 103.57 
mean (cv) 121.47 (7.0%) 116.48 (16.6%) 120.31 (9.7%) 
1 Mean ± 1 standard deviation, time 0 sample same for all substrate types. 
The results of the range-finding tests on C. zealandicus larvae using cyromazine and Vetrazin® are 
shown in Tables 5.4 and 5.5, respectively. These results indicate that cyromazine possesses low 
acute toxicity to larvae of C. zealandicus. 
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Table 5.4 Mortality of Chironomus zealandicus larvae during concentration range-finding 
tests using technical grade cyromazine(96h, 20°C, 12:12 Ii ght: dark). 
Cyromazine Test 1 Test 2 Test 3 
concentration (mg/l) 
0.1 0 1O.0±12.82 7.7±7.4 
(28)3 (20) (26) 
1 0 8.3±9.5 3.8±8.3 
(25) (24) (26) 
10 0 8.7±8.3 8.3±19.2 
(30) (23) (24) 
100 3.9±8.3 4.8±14.4 0 
(26) (21) (23) 
1000 35.3±7.6 50.0±12.5 8.8±1.0 
(34) (30) (32) 
Control 0 4.7±6.8 5.6±6.8 
(48) (43) (36) 
Larval instar tested 3rd - 4th 3rd - 4th 4th 
1 Test conducted with sand and gravel in test pottles to reduce cannibalism. 
2 Percentage larval mortality (mean ± 1 standard deviation). 
Test 4 Test 51 
4.3±5.8 0 
(23) (25) 
7.8±14.4 0 
(13) (27) 
25.0±25.0 3.7±5.8 
(12) (27) 
9.1±19.2 0 
(11) (28) 
76.7±5.8 17.2±6.5 
(30) (29) . 
3.6±8.9 0 
(50) (50) 
2nd - 3rd 3rd - 4th 
3 Figure in brackets represents the number of live larvae in each replicate at the end of the test, test solutions 
started with 30 individuals in three test pottles (3xlO) and controls started with 50 individuals in five test pottles 
(5xlO). Figures greater than 30 indicate miss counts at the begining of a test, ie, greater than lO larvae per pottle 
were exposed to the test 
Only approximate 96 h LC50 values can be estimated (log/linear graph method). The 96 h LC50 for 
4th instar larvae (test 3) was >10 000 mg/l, for 3rd and 4th ins tar larvae (tests 1,2 and 5) the value 
was 1000-10 000 mg/l and the value for 2nd and 3rd instar larvae (test 4) was 100-400 mg/I. It 
should be noted that only when cyromazine toxicity was apparent, at 1000 mg/l, were all C. 
zealandicus larvae recovered from every test pottle, as shown in Table 5.4. At other test 
concentrations the number of recovered larvae was less than the original number exposed to the test 
(the exception being test 1 at 10 mgll). However, mortality was calculated on the number of larvae 
recovered and not the number originally exposed to the test The loss of larvae was believed to be 
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due to cannibalism, as discussed later; the results of test 5 (Table 5.4) indicate the effect of sand and 
gravel on reducing this cannibalism. 
Table 5.5 Mortality of Chironomus zealandicus larvae during concentration range-finding 
tests using Vetrazin®(96 h, 20°C, 12:12light:dark). 
Cyromazine 
concentration (mg/l) 
I 
10 
100 
1000 
Control 
Larval instar tested 
Test 11 
0 
(28)2 
17.4 ± 17.33 
(23) 
0 
(24) 
11.5 ± 10.3 
(26) 
2.6 ± 5.0 
(39) 
2nd - 3rd 
1 Tests conducted with sand and gravel present in test potties. 
0 
(27) 
0 
(30) 
0 
(26) 
3.3 ± 5.8 
(30) 
0 
(45) 
3rd 
2 Figure in brackets represents the number of live larvae in each replicate at the end of the 
test. test solutions started with 30 individuals in three test potties (3xlO) and controls 
started with 50 individuals in five test potties (5xlO). 
3 Percentage larval mortality (mean ± 1 standard deviation). 
The results in Table 5.5 suggest an LC50 value for 2nd and 3rd instar larvae of C. zealandicus may be 
>10 000 mg/l when tested against Vetrazin®. 
Table 5.6 summarises the results for two chironomid acute bioassays conducted using Zenith®. These 
results indicate that diflubenzuron is approximately one order of magnitude more toxic to C. 
zealandicus larvae than cyromazine, although it also shows a low acute toxicity to this species. 
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Table 5.6 Mortality of Chironomus zealandicus larvae during concentration 
range-finding tests using Zenith®(96 h, 20°C, 12:12Iight:dark). 
Diflubenzuron Test 1 Test 2 
concentration (mgll) 
1 5.0 ± 10.0' 3.3 ± 6.6 
(28)2 (27) 
10 0 0 
(23) (30) 
100 40.8 ± 25.8 29.4 ± 19.2 
(24) (26) 
1000 100 100 
(26) (30) 
Control 14.2 ± 14.2 7.3 ±9.3 
(39) (45) 
Larval instar tested 2nd - 3rd 3rd 
1 Percentage larval mortality (mean ± 1 standard deviation). 
2 Figure in brackets represents the number of live larvae in each replicate at the end of the 
test, test solutions started with 30 individuals in three test potties (3xlO) and controls 
started with 50 individuals in five test potties (5x10). 
The results for the acute toxicity testing of Deleatidium sp. nymphs, using cyromazine, are shown in 
Table 5.7. These results indicate that the 48 h LCso (log/linear graph method) for Deleatidium 
nymphs is 300-400 mg/l; a value similar to that obtained for 2nd to 3rd instar larvae of C. 
zealandicus. Dead nymphs, in the 1000 mg/l treatment, appeared to have a mucous secretion 
surrounding the abdominal gills and were darker in colour. Control mortality in both tests conducted 
with Deleatidium sp. was less than 10%, with all nymphs being recovered 'at all test concentrations, 
ie, no apparent cannibalism. 
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Table 5.7 Mortality of Deleatidium sp. nymphs during concentration range-
-finding tests using technical cyromazine (48 h, 15°C, 12:12 light: dark). 
Cyromazine concentration Test 1 Test 2 
(mgll) 
0.10 0 4.0± 5.51 
(50) (50) 
1.00 2.0 ±4.5 2.0 ± 4.5 
(50) (50) 
10.0 4.0± 5.5 6.0± 8.9 
(50) (50) 
100.0 14.0 ± 8.9 16.0 ± 5.5 
(50) (50) 
1000 78.0 ± 11.0 98.0 ± 4.5 
(50) (50) 
Control 6.0 ± 8.9 7.0 ± 8.2 
(50) (100)2 
1 Percentage larval mortality (mean ± 1 standard deviation). 
2 Ten replicates of 10 nymphs, all other tests five replicates of 10 nymphs. 
More precise determination of the LC50 values was felt not to be warranted because the 
concentrations required to achieve acute effects would not be expected to occur, even with misuse of 
the compound. 
5.4.2 Chronic tests 
The results of six chronic bioassays conducted using cyromazine are summarised in Table 5.8 
(concentrations of cyromazine in tests 1-3 and test 5 were confirmed by GC/NPD). A concentration 
of 100 Jlg/l was sufficient to prevent almost all larval development (tests I and 2). It was unlikely 
that those few larvae (21 from 672 eggs) that were recovered from test 1 would have completed 
development. All of them were very small (approximately 2nd instar) compared with the control 
larvae (Fig. 5.3). 
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Table S.S Chironomus zealandicus larval mortality (%) and instar of final larvae ( ) when 
exposed to different concentrations (,..gIl) of cyromazine (20 DC, 12:12 light: dark). 
Test No. Control Treated 
No. of eggs Mortality Cyromazine No. of eggs Mortality 
concentration 
1 741 27.8 (4th) 110 672 96.9 (2nd) 
(34p + 12a)1 
2 405 22.0 (4th) 100 600 100 
(17p) 
3 520 44.0 (4th) 50 430 48.4 (3rd) 
(59p + 6a) (61p + 1a) 
4 385 13.4 (4th) 50 518 60.8 (2nd-3rd) 
(90p + 69a) (21p) 
5 518 36.0 (4th) 11 506 44.0 (4th) 
(16p) (17p) 
6 533 20.8 (4th) 10 493 19.9 (4th) 
(79p + 16a) (lOlp + 32a) 
1 Number of pupae (p) and adults (a) included in recovered value. 
Although no increased mortality was observed at 50 ~gIl (Table 5.8, test 3), a size difference in 
'mature' larvae was evident. Control larvae averaging 15.1±2.0 mm (4th instar) were significantly 
larger (pooled two sample t-test, P<O.OOl) than the treated larvae, mean 8.7±1.8 mm (early 3rd 
instar), and only one adult was collected from the treated tank in test 3. This difference was 
emphasised in test 4 (also 50 ~gll) where increased larval mortality was observed as well as some 
growth suppression. Again, mean larval lengths in the control (14.0±1.6 mm, 4th ins tar) and treated 
tanks (5.5±1.4 mm, 2nd or 3rd instar) in test 4 were significantly different (P<O.OOl) (Fig. 5.4). 
However, some larvae (4.1 %) still pupated in the treated tank but were smaller (Fig. 5.4) than those 
from the control; it is possible that they would not have emerged as adults. The results of chronic 
bioassay tests 5 and 6 (10 ~gll) indicated no toxic effect. 
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Fig. 5.3 Control (large - 4th instar) and treated (small - ' 2nd instar') Chironomus zealandicus 
larvae recovered at the end of chronic bioassay 1 (110 ,..gII). 
J I Jr 
\ / 
( 
Fig. 5.4 Control (left) and treated (right) Chironomus zealandicus larvae and pupae 
from chronic bioassay 4. 
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From Table 5.8, it is possible to estimate a chronic LCso for larval mortality. Using the mean 
mortalities for each test pair and calculating corrected mortality using Abbott's formula (Abbott, 
1925), ie: 
(% control survival - % treatment survival)/(% control survival) x 100 
the following mortality values are obtained: 100 Ilgl1- 98.0%; 50 Ilg/l - 36.3%; and 10 Ilg/l- 5.0%. 
Thus, using the log/linear graphical method, the chronic LCso is approximately 64 Ilg/l. Control 
mortalities varied in these tests from 13.4 to 44.0% but may simply reflect variance in normal 
viability. Certainly, the corrected mortalities show a good concentration dependent result. 
The loss of cyromazine from the aquarium used in the first bioassay is shown in Fig. 5.5. From this 
figure it can be seen that cyromazine under went an initial 50% reduction in approximately five to six 
days, but that this rate decreased with time. 
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Fig. 5.5 Concentration (J.lgII) of cyromazine in the aquarium during 1st chronic bioassay. 
To further evaluate the chronic effects of cyromazine, two additional toxicity tests were performed in 
which larvae in the treated tanks were allowed to complete their development to adults. In the first 
test, control survival (total emergence) was 48.8%, and in the treated tank (50 Ilg/I) it was <0.2% 
(ie, only one adult). In the second whole-of-life test, control emergence was 77.2% with an 
additional 3.2% (10 individuals) dying through failure to emerge successfully. Emergence in the 
treated tank (25 Ilg/I) was 44.3%, with a further 13.0% (50 individuals) failing to emerge 
successfully, apparently drowning at the surface. 
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Adults from both tests were collected for further, microscopic examination. The adult from the 
50 J.lg/I tank was approximately half to two-thirds the size of control adults; a result consistent with 
smaller larvae and pupae, but impossible to quantify given the solitary emergence. Adults that 
successfully emerged in the 25 J.lg/l tank appeared similar (:::: 8-10 mm long) to those from the 
control tank. Of the 50 adults that failed to emerge from the 25 J.lg/I tank, only five had emerged 
normally from the pupal exuviae. All others were entangled in the remains of the pupal exoskeleton, 
approximately 40 had their wings and legs entangled. In addition, many showed cuticular thinning 
and rupture when viewed by either a transmission or scanning electron microscope (Fig. 5.6). The 
degree of sclerotisation or cuticle tanning was apparently less on all treated adults, although this may 
have been influenced by how long an individual had been emerged before it was collected and 
preserved. 
Fig. 5.6 Scanning electron micrograph of the cuticle of a Chironomus zeaulIldicus adult 
showing rupture due to exposure to cyromazine at 25 fJgII. 
Close examination of the cuticle by SEM of an adult that had successfully emerged from the control 
aquarium and one that had failed to emerge from the treated aquarium indicated pronounced 
differences in the surface structure of the cuticle (see Fig. 5.7). In addition, it appeared as though the 
latter also lacked surface cerci. It is possible that these cerci are important in preventing the wetting 
of the cuticle during eclosion, thus aiding emergence. 
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Fig. 5.7 Scanning electron micrographs showing differences in the surface structure of the 
thoracic cuticle of a Chironomus zealandicus adult that had succesfully emerged from a 
control aquarium (left) and one that had failed to emerge from the 25 Jlg/l treated aquarium 
(right). 
Three chronic bioassays were conducted using Zenith®, one at each of lOO, 50 and 10 fJg/l of 
diflubenzuron (see Table 5.9). From these results it is clear that diflubenzuron possesses significant 
toxicity to early instar chironomid larvae. The chronic LCso for diflubenzuron when tested against C. 
zealandicus eggs and larvae is less than 10 J.lg/l, and is at least one order of magnitude less than the 
chronic LCso for cyromazine. 
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Table 5.9 Chironomus zealandicus larval mortality (%) and instar of final larvae ( ) when 
exposed to different concentrations (J.1g11) of Zenith ® ·(20 DC, 12: 12light:dark). 
Test No. Control Treated 
No. of eggs Mortality Diflubenzuron No. of eggs Mortality 
concentration l 
1 395 75.7 (4th) 100 430 100 
(21p + 46a)2 
3 615 57.i(4th) 50 350 100 
(36p + 6a) 
6 490 41.4 (4th) 10 590 100 
(126p + 53a) 
1 Concentration of Zenith® four times the diflubenzuron concentration. 
2 Number of pupae (p) and adults (a) included in recovered value. 
5.4.3 Vulnerable life stage 
Six days after hatching, live larvae (1st ins tar) were present in all flasks. By day eight, larvae in flask 
12 (a control) had died but larvae in all other flasks remained healthy, which continued until day 14 
when the test was terminated. It was concluded that either the eggs of C. zealandicus were acutely 
sensitive to low levels of cyromazine or else larvae were especially vulnerable immediately after 
hatching. 
In the second vulnerable life stage experiment, eggs were exposed to 125 JlglI of cyromazine. In this 
test, as in the test described above, no mortality was apparent. However, even 11 days after eggs 
appeared to have hatched there was no development of larvae beyond the 1st instar. Previous 
observations of larval growth in aquariums indicated that all would normally be clearly 2nd ins tar 
larvae within 12 days of hatching (see Section 5.7). Such a result suggests that the toxic effect of 
cyromazine at these low levels may not be simply concentration dependent, but may be influenced by 
concentration:volume:biomass ratios (see Section 5.5). The effect of cyromazine in the chronic 
bioassays may have been restricted to a lethal action on eggs or pre-emerged 1st instar larvae. 
However, older larvae may be susceptible to sub-lethal effects on growth rate at these very low 
concentrations. 
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5.5 Discussion 
Cyromazine was shown to be stable in test potties for the 96 h duration of a nonnal acute bioassay. 
Feeding of larvae was not necessary to reduce control mortality and indeed feeding could result in 
anoxic conditions causing larval death. Cups were found to be a better test container than Petri 
dishes due to their lower surface area to volume ratio. Where C. zealandicus larvae were used as the 
test organism, it was found that incorporation of a small amount of substrate increase the recovery of 
larvae, apparently through reduced cannibalism. Ali (1981) also found it necessary to use a sand 
substrate while testing another chironomid species. However, some of the tests in this study were 
perfonned in which no substrate was incorporated. As such, the results of the acute bioassays must 
be viewed in tenns of the following: 
-in some tests fewer larvae were recovered at the end of the test than were placed in 
test pottles at the start; 
-mortality was calculated on recovered larvae (live or dead) only, not on the original 
number of individuals in each replicate; 
-the smallest larvae were not the first, or only, larvae to die. 
The loss of C. zealandicus larvae throughout the acute toxicity tests (Tables 5.4 and 5.5) is believed 
to have resulted from cannibalism. This loss was most acute in test 4, using younger larvae, which 
may require more sustenance during their more rapid growth than do older larvae. Three 
observations support the theory of cannibalism, as opposed to simple disintegration after death, viz: 
• the inclusion of substrate resulted in almost all larvae being recovered (Table 5.1); 
• a111arvae, including dead larvae with severely weakened cuticles, were recovered from the 
1000 mg/l test potties; and 
• dead larvae were observed to float in aquariums used for rearing for two to three days before 
removal without apparent disintegration. 
Aquariums would possess much greater biological activity, capable of decomposing a dead larvae, 
than would the test potties used for acute bioassays. While cannibalism was reduced by the 
introduction of a small amount of substrate into the test pottIes, it was not eliminated completely. 
Age of larvae appeared to affect control mortality with greater mortality with younger larvae. 
Younger larvae appeared less able to survive the 96 h of an acute toxicity test, which suggests that a 
shorter test duration would.be preferable for these young larvae. Also, the stadium length may be 
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different for different instars, being shorter for younger larvae. Therefore, it may be that more rapid 
growth of younger larvae makes them less well suited to a 96 h acute bioassay. 
In tests with 1000 mg/l cyromazine, all larvae were recovered. Live larvae were sluggish and very 
pale, and dead larvae had lost all pigmentation and disintegrated when touched. The cuticle of these 
larvae was transparent and, in some cases, was perforated when viewed with a transmission light 
microscope. Loss of pigmentation noted at the 1000 mg/l cyromazine treatment in the acute 
bioassays is consistent with cuticular thinning observed in other species when exposed to cyromazine 
during their later instars (Price and Stubbs, 1984). Rupturing of the cuticle, or its loss of integrity, 
would also account for larvae disintegrating on touch after exposure to these high concentrations. 
Death, in these short term tests, was associated with cuticular damage and not starvation due to 
occlusion of the gut by the cuticle of two ins tars (since moulting did not occur) as has been reported 
(Friedel et ai., 1988). Anti-feeding behaviour may be the first symptom of cyromazine toxicity to 
show, as evidenced by total recovery of larvae in the 1000 mg/l treatment when no substrate was 
present, ie, no apparent cannibalism. However, sluggish behaviour due to the high concentration of ' 
cyromazine might also prevent larvae from attacking one another. 
The results in Table 5.5 suggest that any surfactants, etc., used in formulating Vetrazin® may lower 
the toxicity of the cyromazine. However, further experimentation is required to confirm this. 
The acute toxicity of cyromazine to e. zealandicus larvae appeared to be age dependent; a result 
consistent with previous bioassay work using chironomids (Macek et ai., 1976b; Ali, 1981; Pinder, 
1986) or cyromazine (EI-Oshar et aL., 1985). The LCso for cyromazine on two-day-old M. domestica 
L. larvae was 14.3 times greater than it was for five-day-old larvae (EI-Oshar et at., 1985). Our 
results indicate a 10- to loo-fold difference between the acute response fore. zealandicus 2nd and 
4th instar larvae. It has been recognised that 1st instar larvae of a Chironomus sp. were apparently 
more sensitive than the 3rd instar, on which other work was based (Vardia and Rao, 1986). It has 
even been suggested that toxicity testing of older larvae may significantly underestimate the 
sensitivity of the species (Pinder, 1986). Certainly, this suggestion is supported by our results and 
calls into question the validity of environmental standards or risk assessment based solely on short 
term bioassays. 
Control mortality of DeLeatidium sp. nymphs was also low (6-7%). It was possible to collect nymphs 
from the wild without causing mortality and they readily acclimatised to the test conditions. 
Deleatidium nymphs were no more susceptible to cyromazine than were e. zealandicus larvae. The 
48 h LCso for cyromazine lies between 300 and 400 mg/l, but was not determined accurately. The 
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toxic action of cyromazine on Deleatidium nymphs appeared different from that with C. zealandicus 
larvae. Deleatidium nymphs appeared to die as a result of mucous secretions surrounding their 
abdominal gills (suffocation), rather than any form of cuticular abnormalities. For both C. 
zealandicus and Deleatidium sp., it is unlikely that concentrations of cyromazine sufficient to be 
acutely lethal to all ins tars over a short time would occur in nature, even with catastrophic spills of 
concentrate. 
Cyromazine clearly demonstrated a high chronic toxicity to C. zealandicus. This observed toxicity is 
more than 50 000 times greater than acute toxicity values. The results in Table 5.8 suggest that, 
based on chronic effects, the MATC (Macek et aI., 1976b) for cyromazine against C. zealandicus is 
22.4llgl1 (the geometric mean of 10 Ilgl1 and 50 Ilgll) and from the whole-of-life chronic exposure 
tests is 15.8 Ilgl1 (the geometric mean of 10 and 25 Ilgll). The MATC value of 15.8 Ilgl1 is consistent 
with that recorded for atrazine by Dewey (1986). However, the MATC calculated for atrazine (:=::170 
Ilgll) by Macek et al. (1976b) was not only one order of magnitude greater but was also only 4.2 
times lower than their observed 48 h LC50• Saleh and Wright (1989) reported an LC50 (% emergence 
inhibition) for cyromazine of 100 and 110 Ilgl1 when tested against A. aegypti and C. 
quinquejasciatus larvae, which is similar to our chronic LCso value of 64llgll. Miller et al. (1981) 
suggested that diflubenzuron could be as much as two orders of magnitude more toxic than 
cyromazine in feeding trials with A. aegypti larvae (see Table 2.7). Certainly our chronic bioassay 
results indicate at least a one order of magnitude difference between chronic LC50 values for the 
same compounds against C. zealandicus eggs and larvae but this difference may be greater. 
Morphogenic aberrations observed at low concentrations of cyromazine during the whole-of-life 
toxicity tests are consistent with those previously reported by other workers (Awad and Mulla, 
1984a; Nelson et al., 1986; Saleh and Wright, 1989). The most common form of these aberrations 
was incomplete eclosion of adults with wings or legs 'glued' to the pupal skin. 
Where full adult emergence was allowed, :=::50-80% survival was recorded in control or untreated 
aquariums (similar to Auckland results under Spiller, Scott, pers. comm.). Very few dead larvae 
were observed, although cannibalism may have occurred. However, in control aquariums, about 
3.0% of adults/pupae appeared to drown at the surface and failed to emerge. This may have been 
due to surface agitation by air bubbles, Credland (1973a) having noted the need for slack water in 
order to obtain successful emergence. 
Acute toxicity values, in the form of LC50, and chronic toxicity data, ie, MATC values, have been 
used in many instances to calculate environmentally acceptable concentrations of toxicants in nature 
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(Macek et ai., 1976b; Agg and Zabel, 1989). These environmental quality standards (EQS's in the 
UK and Europe) are desi~?ed tOP~0tect all aspects of an aquatic ecosystem and are derived through 
the determination of safety or application factors. Application factors can be derived as a ratio of 
MATCILCso (Macek et ai., 1976b) or, more recently, using rules of thumb (Agg and Zabel, 1989). 
For the latter, if only acute (short term) LCso values are available, an arbitrary safety factor of 100 is 
usually applied, which tends to be reduced to 10 if chronic LCso data are available for 'sensitive' 
species. For some substances, when NOECs are reported for long term chronic studies, then this 
value may be used as a tentative standard (Agg and Zabel, 1989). 
Both methods of calculating environmental quality standards appear to produce similar results when 
chronic and acute toxicity values are within one or two orders of magnitude. However, that is clearly 
not so in this study. It is also worth noting that the use of data from a 'sensitive species' (Agg and 
Zabel, 1989) is open to debate, as indicated by our results for Deleatidium sp. If we apply the above 
criteria, then the following environmental limits for cyromazine (based on toxicity to C. zealandicus) 
may be calculated: 
LCso - acute 
LCso - chronic 
MATC 
= 400-1000 mg/l 
= 0.064 mg/l 
= 0.016 mg/l 
Therefore, MATC/acute LCso = 0.000040-0.000016 
Acute LCsol100 
Chronic LCsol10 
NOEC 
= 4-10 mgn or 4000-10000 ~g/l 
= 0.0064 mg/l or 6.4 ~g/l 
= 0.010 mg/l or 10 ~g/l 
Clearly, three of the four methods result in similar values, although there is still more than an order 
of magnitude difference between them. Therefore, an EQS for cyromazine should be set at some 
value between 0.016-10.0 ~g/l to ensure protection of the aquatic environment. Current registration 
standards require toxicity testing using only the waterflea, Daphnia sp. Based on Daphnia 48 h LCso 
data made available by Ciba Ltd, an EQS value of 930 ~gn is obtained but a MATC of 450 ~g/l was 
recorded for reproductive studies. The alternative approach using the application factor, above, 
would result in an EQS of 1.5 ~g/l, a value consistent with our results. Using the same application 
factor on the LC50 data obtainedfor_Deleatidium nymphs in this study results in an EQS of 4.8 ~g/l. 
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At this stage, the nature of cyromazine toxicity to chironomid eggs and/or larvae is not clear. Based 
on our preliminary experiments investigating the vulnerable life stage, it appears that larvae are more 
tolerant after they leave the egg mass. However, it is still unclear whether the acute toxic effect 
occurs in the eggs, during hatching, or in 1st instar larvae immediately after hatching but while they 
are still in the gelatinous envelope of the egg mass. Pin-pointing the critical period may be difficult 
because all eggs in an egg mass do not hatch simultaneously; there may be an 8-15 h variation (Robb, 
1966). Once hatched, larvae may also remain in the gelatinous mass for up to 48 h before swimming 
freely (Forsyth, 1971). The reason for this behaviour is uncertain, but may be associated with post-
hatching cuticular 'hardening' or some other critical morphological change in the cuticle. 
There appears to be one critical difference between our chronic toxicity experiments, in which 
mortality was recorded at 100 Ilg/l, and the vulnerable life stage experiments in which no apparent 
mortality was recorded at 125 Ilg/l. Our chronic toxicity tests were conducted in aquauriums 
containing 24-25 I of water per egg mass. The vulnerable life stage experiments were conducted in 
flasks of 150 and 425 ml per egg mass. The lack of apparent toxicity of cyromazine in these 
vulnerable life stage experiments may be associated with a low overall mass of cyromazine: . 
In aquariums: 
one egg mass was exposed to 100 1lg/1 in 24 I = 2400 Ilg. 
In flasks: 
two egg masses were exposed to 1251lg/1 in 150 ml = 18.75Ilg, or 
125 1lg/1 in 425 ml = 53.13 Ilg. 
Friedel and McDonell (1985) reported that a cyromazine concentration of 21lg/g (or 0.1 ng/egg) 
was toxic to the eggs of L. cuprina, but that only 0.6% of the cyromazine taken up by the adult was 
deposited in the eggs. Thus, 333 Ilg of cyromazine was required to be taken up by the adult. 
Chironomus zealandicus eggs are ovoid and approximately 300 J.lffi long by 125 J.lffi in diameter (see 
Fig. 5.7). If we assume a density of a little greater than that of water at 1.0 g/cm3, then the weight of 
a single egg would be (using a simple cylinder to represent our egg): 
(0.0300 cm x 0.00625 cm x 7t) x 1.0 g/cm3 
= (3.682 x 10-6 em3) x 1.0 g/cm3 
= 3.682 x 10-6 g 
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If we assume 1000 eggs per egg mass then the weight of the eggs in one egg mass would be 0.004 g, 
thus: 
In aquariums: 
In flasks: 
cyromazine available per egg, 2400/0.004 = 600 000 Jlg/g. 
cyromazine available per egg, 18.75/0.004 = 4688 Jlg/g, 
or 53.13/0.004 = 13 283 Jlg/g. 
These results would suggest that sufficient cyromazine was present in all tests to be toxic to the 
eggs. However, such a conclusion would assume all the available cyromazine was adsorbed by the 
egg mass. In the aquariums there was 45-128 times more cyromazine present than in the vulnerable 
life stage experiments. If, as with L. cuprina adults, only a small proportion of that adsorbed can 
enter the egg then, in the tests carried out in the aquariums, where a much greater amount of 
cyromazine was available, any adsorption will have had little or no effect on any concentration 
gradient. However, in the flasks used for the vulnerable life stage experiments, any adsorption could 
have had a significant influence on the overall concentration gradient 
It should be noted that the egg mass of C. zealandicus will weigh significantly more than 0.004 g, as 
the eggs are surrounded by a gelatinous envelope approximately 10-15 mm long and ",,5 mm in 
diameter, mass ::::0.2 g (based on a cylinder 0.5 cm diameter and 1.0 cm long, density 1.0 g/cm\ ie, 
50 times more than the eggs alone. If the egg mass as a whole adsorbs cyromazine to an even 
amount, ie, no preferential adsorption by the eggs or the gelatinous envelope, then the effect of the 
smaller mass of cyromazioe in the flasks will be more pronounced. 
5.6 Conclusions 
The high rate of apparent cannibalism during short term (96 h) acute bioassay testing of C. 
zealandicus suggests that this species is not a good subject for this type of testing. However, this 
mortality can be reduced by the inclusion of a small amount of substrate in the test pottIes. In 
contrast, the ease with which larvae and adults can be reared from a collected egg mass, and the ease 
with which egg masses can be identified in the wild, make this species eminently suited to long term 
chronic or whole-of-life toxicity testing. Conversely, low control mortality and ease of collection 
suggest that Deleatidium sp. nymphs are excellent subjects for acute (48 h) bioassay testing. 
Unfortunately, the difficulty in collecting eggs from the field and uncertainty about whether adults 
would mate in captivity may preclude this species from whole-of-life testing. 
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Cyromazine demonstrates a high 'chronic' toxicity to the early instar larvae or the eggs of C. 
zealandicus. The MATC for chronic (whole-of-life) cyromazine exposure of C. zealandicus egg 
masses is approximately 16 Jlgll. A similar figure for atrazine has been reported to affect adult 
emergence and fecundity (Dewey, 1986). These results suggest that triazines possess high chronic 
toxicity to some aquatic insects. Given the widespread use of triazine compounds, both as pesticides 
and dyes, this toxicity should be investigated further. 
While it is recognised that cyromazine should not enter surface waters in quantities sufficient to 
result in short term acute toxicity, its water solubility and chemical stability suggest that adverse 
chronic effects may result from relatively low-level contamination. Given the importance of 
chironomids to many aquatic ecosystems, any situation where cyromazine may contaminate surface 
waters should be carefully evaluated for any possible long term adverse effects. 
Diflubenzuron demonstrates greater chronic toxicity than cyromazine. As such, its promotion as a 
suitable alternative to cyromazine for the treatment of sheep for fly-strike control should proceed 
with caution until its environmental impacts have been fully evaluated. 
5.7 Observations on the biology of Chironomus zealandicus in laboratory 
cultures 
Chironomid egg masses are quite distinctive, generally being species specific. Individual eggs are 
dark brown and ovoid, approximately 300 Jlffi long and 125 Jlffi in diameter (Fig. 5.8). Eggs are 
contained in an elongated, slightly crescentic, gelatinous capsule (10-15 mm long). This capsule 
appears light brown to a dark milky colour. Individual eggs are a distinctive dark (almost black) 
colour immediately, and probably for up to 24 h, aftllr being laid. The colour is initially uniform 
within the egg, but after differentiation begins, the egg lightens to a mid-brown colour. Later, larvae 
can clearly be seen with distinct segmentation (Fig. 5.9), red eyes and a green thoracic/gut region. 
Eggs appear to start to develop within 24-48 h of being laid, although not all eggs within a mass 
appear to develop simultaneously or even at the same rate. 
Eggs appear to split in a 'T' -wise fashion at approximately a quarter of the distance down their 
length. A crosswise split spans the width of the egg, with a second split, "",150 Jlffi long, 
perpendicular to it. The egg 'shell' that remains is deflated and transparent. Initially the egg mass 
swells as egg development is initiated, but after the eggs have hatched and the larvae have emerged 
from the gelatinous envelope the mass disintegrates. 
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Fig. 5.8 Scanning electron micrograph of an egg of Chironomus zeaklndicus. 
Fig. 5.9 Photomicrograph of an egg of Chironomus zeaklndicus, showing differentiation and 
segmentation of the developing larva. 
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Upon hatching, rear pro legs (two), ventral tubules and terminal cerci (10-12) are all clearly visible on 
the 8th and 9th abdominal segments. Two anterior prolegs are also evident on the 3rd thoracic (or 
1st abdominal) segment. Each abdominal segment also possesses a pair (one on each side) of cerci 
which are somewhat shorter than the terminal cerci of the 9th abdominal segment. In contrast, adults 
possess a general covering of shorter hairs on all abdominal segments that could be important in 
preventing wetting of the cuticle during eclosion (Fig. 5.10). Larvae appear to possess four ocelli 
with the second pair being below, and slightly smaller than, the primary pair. 
Fig. S.10 Scanning electron micrograph showing surface hairs on the abdomen of a 
Chironomus zealandicus adult. 
Larvae settle and initial tubes become evident within four to six days of eggs hatching. Second instar 
larvae were clearly present within 10-12 days of hatching, 3rd instar larvae were common by day 16 
and the first adults could be recorded by day 21. 
During the rearing of C. zealandicus larvae, it was obvious that they developed at markedly varying 
rates. This variability was demonstrated by a long emergence period (under low light conditions) of 
approximately 90 days, with peak emergence occurring almost in the middle of this period, 40 days 
after the first adult emerged (Fig. 5.11). The first adults generally emerged 23-25 days after hatching, 
although for some egg masses collected during spring, the first adults emerged between 18 and 20 
129 
days. In contrast, under the higher light levels, used in later experiments (::::2500 lux as opposed ::::250 
lux), adult emergence was much more rapid, as indicated for the control aquarium used in the second 
50 f.1g11 whole-of-life experiment in Fig. 5.11. The reason for the difference in emergence period in 
these two cases is unclear. 
All previous work detailing photoperiodic control of emergence appears to have concentrated on 
duration (possibly in association with temperature) rather than intensity (Beck, 1980; Zaslavski, 
1988). One possible factor that could control adult emergence in these experiments could have been 
the photoperiod to which the parents were exposed. The egg mass that was exposed to low light 
conditions was collected close to the summer solstice on the 2 December 1991, when a long 
emergence period would not be likely to compromise survival. In contrast, the egg mass exposed to 
the higher light level was collected near the equinox at the end of March (24 March 1993) when the 
cooler weather of autumn was rapidly approaching. In this situation, a shorter emergence period 
might be favoured to allow eggs to hatch and larvae to develop sufficiently before winter. 
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Fig. 5.11 Emergence of adults from aquariums under different light conditions. 
According to Spiller (1964), the emergence of adults appeared to be synchronised over one or two 
nights, a period much shorter than expected from random maturation, and he suggested that the 
moon may serve to synchronise this phenomenon. If this is the case, it could explain the longer 
period during which emergence was observed in our laboratory cultures and those of Robb (1966). 
These laboratory cultures were reared under artificial light and were not subject to the synchronising 
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influence of moonlight. Certainly, synchronised emergence would sustain the adult spectacle of mass 
swanning as observed in nature. 
Larvae were generally highly active in the aquariums, often free swimming or 'crawling' up the sides 
of the tanks. Larval activity appeared to be greatest in the dark, with individuals often observed 
moving both within the water column and up the side of the tanks. Excess food was often 
incorporated into larval tubes in open areas but most larvae found shelter in the spaces between the 
stones in the gravel trays. Larvae appeared to feed by grazing the added food and detritus on the 
stones within the aquariums. Larvae were often observed to stretch out from their tubes to reach 
food, which was then manipulated by the mandibles and eaten directly. 
Pupae changed from an initial bright red colour, similar to the larvae, to a more distinctive green 
colour, that becomes evident in the abdomen of adults (especially males). This colour change 
appeared to be associated with a change in the blood pigment (ie, haemoglobin to haemocyanin) of 
the organism, as damaged pupae bled green blood. 
Adults were observed to lay egg masses in the aquariums, but none of these proved to be fertilised. 
Spiller's group (Scott, R.R., pers. comm.) was also unable to produce fertilised egg masses.The use 
of trays to contain gravel made the recovery of larvae easier and less stressful. Ground fish food 
could be added to aquariums in seemingly quite large amounts without significantly degrading water 
quality. Excess food settled to the substrate where it was easily grazed by larvae. Some food and 
faecal matter was incorporated into tubes, especially of older larvae. These tubes were often, but not 
always, utilised by pupating individuals. Like Spiller (1964), we also observed some pupae of C. 
" 
zealandicus lying free on the bottom the of aquariums. 
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6. General discussion and recommendations 
The aim of this chapter is to link all previous chapters and provide recommendations that may be of 
use to the New Zealand sheep and woolscouring industries. Previous chapters have dealt with the 
analysis, fate, aquatic toxicity and on-farm use of cyromazine. All these aspects are linked to, or are 
directly influenced by each other. The toxicity of cyromazine in the aquatic environment is dependent 
on its concentration in an effluent, which in turn is dependent on on-farm practices, rates of decay 
and fate during woolscouring, as well as any associated effluent treatment 
6.1 Analytical method 
A method for the clean-up and analysis of cyromazine in woolscouring waste waters and on greasy 
and scoured wool has been demonstrated. This clean-up method is simple, uses a minimal amount of 
solvents or specialist equipment, and is relatively quick. Recoveries are generally greater than 80%. 
Analysis of cyromazine on greasy wool, and the scoured wool associated with it, shows a high 
coefficient of variation (CV ranging from 38.21 to 55.31 %, see Section 4.2.3). Such variation would 
be considered unacceptable in relation to normal analytical techniques, but is acceptable in this case 
given the heterogenous nature of the test substrate. Rammell et al. (1988) reported coefficients of 
variation of 42% for wool samples taken from four areas on the same sheep and 36% for wool 
samples taken from duplicate sheep; figures consistent with results obtained in this study. 
6.2 Determination of an EQS for cyromazine 
The aquatic toxicity of cyromazine has been shown to be highly dependent on the age of the test 
organism, but for Chironomus zealandicus it has clearly been shown that the eggs and early 1st 
instar larvae are most at risk. Therefore, an EQS value must be set at a level that will protect these 
life stages. From the results presented in Chapter 5, a suitable value would be between 0.016 and 
10 Ilg/l. As the NOEC for C. zealandicus was shown to be 10 1lg/1, this would appear to be 
appropriate. 
However, in order to ensure full environmental protection, ie, protection of more sensitive species, it 
would be appropriate to apply a 0.1 times safety factor to the above value, as suggested by Agg and 
Zabel (1989). This would mean that an EQS for cyromazine should be set at 1.0 Ilg/l. This value is 
consistent with the MATCILC50 for Daphnia sp., determined from results obtained by Ciba 
(unpublished data), and an application of a 0.01 times safety factor being applied to LC50 data for 
both A. aegypti and C. quinquefasciatus, obtained by Nelson et al. (1986). 
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It must be noted that the derivation of this EQS value has been based on testing the pure compound 
and not true effluents, such as woolscouring waste waters, and does not account for possible 
synergistic or antagonistic effects of these mixtures. However, other work conducted on the toxicity 
of woolscouring waste waters has indicated that toxicity was the result of simple additive action, 
rather than any form of synergism or antagonism (Robinson et al., 1994). 
6.3 Limits for cyromazine in woolscouring emuents 
Effluent concentrations from a woolscour will be highly dependent on the cyromazine content of the 
wool being scoured. If a wool possesses a cyromazine concentration of 10 mg/kg, a figure found to 
be typical of the pesticide residue level on many New Zealand greasy wools (Rankin et al., 1992), 
then liquor concentrations would be expected to be of the order of 2.4 mg/I (2400 ~g/l) for 
flowdown and 10.7 mg/I (10 700 ~g/I) for bowl 1 liquors (see Table 4.12). If all three scouring 
bowls were dumped simultaneously, at the end of scouring wool with a cyromazine content of 10 
mg/kg, then the combined liquor concentration could be 6.7 mg/l (6700 ~g/l). Such concentrations 
would suggest that these effluents would require a 2400, 10 700 and 67oo-fold dilution, respectively, 
to obtain a NOEC. 
As flowdown constitutes the major waste water stream, in terms of volume, it will be the cyromazine 
concentration in this stream that will be most important. To put these figures into perspective, recent 
work by Robinson et al. (1994) indicated that flowdown from five New Zealand woolscours 
required dilutions ranging from 25 000 to 167000 to obtain a NOEC (based on 0.1 times the ECso 
dilution for Daphnia sp.). Toxicity was primarily associated with organophosphate- and pyrethroid-
based ectoparasiticide residues; some of which were found in flowdown at concentrations up to 6.6 
mg/l. 
If we ignore the fact that other pesticides are present in woolscouring waste waters, what then is an 
acceptable concentration for cyromazine in these effluents? Unlike rinse waters, flowdown and 
scouring waste waters receive some form of anaerobic treatment before discharge to rivers or the 
land. Currently, anaerobic treatment, where it occurs, is in the form of a lagoon in which the effluent 
spends varying lengths of time, depending on the scouring throughput, the capacity of the pond (or 
ponds) and the demand for effluent to irrigate pasture. However, it should be noted that, many New 
Zealand woolscours discharge directly to the marine environment, through municipal sewers, without 
treatment. 
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No studies have been completed on the degradation of cyromazine under anaerobic conditions, but 
work conducted on other triazines would suggest relatively long half-lives, in the region of one to 
two months, or more, depending on temperature. Soil half-lives may be similar (Knuesli et al,. 1969; 
Sheets, 1970). In contrast, cyromazine has been shown to possess soil half-lives of three to six 
months and to be relatively mobile in "sensitive soils" (Stark et at., 1992). 
These results suggest that cyromazine could contaminate the aquatic environment through run-off 
from irrigated soils and the discharge of effluents from anaerobic lagoons (or, in the future, anaerobic 
digestors, since these are being developed for the treatment of woolscouring waste waters). 
However, the loss of cyromazine from the test aquariums used in this study suggests an initial half-
life in surface water of approximately 5 days, although degradation appeared to decrease 
dramatically after this initial period. In other work conducted at WRONZ, preliminary studies have 
suggested that as much as 80-90% of cyromazine present in a laboratory-scale anaerobic digestor 
may be associated with the sludge, and thus essentially removed from the aqueous effluent that could 
be discharged to surface waters (Robinson et at., unpublished results). 
If we assume 90% removal of cyromazine in woolscour effluent treatment processes, then a 
concentration of 2400 Jig/I in flowdown could be expected to be reduced to 240 Jig/I before reaching 
the aquatic environment. Such a concentration would require a 240-fold dilution, a dilution generally 
achieved, even in a small river due to the relatively low flow rate of this discharge; typically 7500 I1h. 
A 240-fold dilution would require a river flow of 1 800 000 I1h or 0.5 m3/sec. These values would 
therefore suggest that a target greasy wool concentration for cyromazine should be of the order of 
10mglkg. 
In contrast, rinse waters receive little or no effluent treatment before being discharged directly to 
surface waters. From the results presented in Table 4.12, the concentration of cyromazine in 
flow down rinse water from a commercial scour will be 10, 20 and 50 Jig/I for wool with a 
cyromazine content of 10, 20 and 50 mg/kg, respectively. The combined discharge from individual 
rinse bowls at the end of a scouring run will be 90, 190 and 470 Jig/I, respectively, for wool of these 
same concentrations. However, as with the scouring bowls, it is the volume of the rinse water 
flowdown (approximately 90 000 I1h at 30 IIkg), and its cyromazine concentration, that will be of 
greatest importance in assessing environmental impact. These results would suggest that the rinse 
water flowdown from the scouring of wool with a cyromazine content of 50 mglkg would require a 
50-fold dilution (equivalent to 4 500 000 I1h or 1.25 m3/sec). This is approximately equal to the 
dilution available for one New Zealand woolscour discharging into a small tributary. 
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6.4 Withholding periods for cyromazine dipped sheep prior to shearing 
Cyromazine has been shown to have captured approximately 30% of the overall fly-strike control 
market, and may control up to 50% for lambswool. Many of the applications of cyromazine will be 
made during the high-risk summer months, when the possibility of dipping close before shearing is 
greatest (especially for lambs). The half-lives of cyromazine on the fleece are 10 and 28 days for 0 to 
14 and 15 to 168 days, respectively, after jetting (Anon, 1979). Cyromazine application rates vary 
according to both the method of treatment and the age of the animals to be treated. According to the 
label instructions supplied with a formulation of Vetrazin®, adult sheep must have a minimum of six 
to eight weeks wool growth and lambs must be at least eight weeks old or have at least eight weeks 
wool growth after shearing. It is suggested, by these label instructions, that 2litres of Vetrazin® 
should treat 250 to 330 ewes or 400 to 500 lambs via a plunge or shower dip and approximately 500 
ewes or 650 lambs using a Vetrazin® jetting wand. Based on these figures and assuming a fleece 
weight of approximately 4.0 kg for ewes and 2.5 kg for lambs, the concentration of cyromazine on 
the fleece would be 1000-760 mglkg for ewes and 1000-800 mglkg for lambs when applied in a 
plunge or shower dip, and 500 mglkg for ewes and 615 mglkg for lambs when applied using a jetting 
wand. The concentration of cyromazine on the fleece at any time after treatment (using a plunge or 
shower dip) may be calculated as follows: 
For 0 -10 days: 
- concentration on wool = 1000 mglkg x [1 - (days post-treatmentllO) x 0.5] 
- for 10 days post-treatment = 500 mglkg 
For 11-14 days: 
- concentration on wool = 500 mglkg x {1- [(days post-treatment - 10)/10] x 0.5) 
- for 14 days post-treatment = 400 mglkg 
After every further 28 days the concentration will halve, such that, 42 days after dipping = 
200 mglkg; 70 days = 100 mglkg; 98 days = 50 mglkg; 126 days = 25 mglkg; 154 days = 
12.6 mglkg; and after 182 days = 6.3 mglkg. 
While these results suggest that sheep should not be shorn at any time up to five months after being 
treated with cyromazine, there is justifiable evidence to suggest such a long withholding period 
135 
should not be necessary in practice. For example, the degradation curve, on which these calculations 
are based, was derived from wool treated at 5000 mglkg (see Fig. 2.3). However, no information 
was provided regarding the time of year the tests were performed and where on the sheep the wool 
samples were taken for analysis. In addition, seasonal effects have been shown to markedly influence 
the rate of degradation of other pesticides on the fleece. Rates of degradation are significantly 
increased in summer, half-lives for organophosphate-based ectoparasiticides were half to one third 
less for sheep dipped in December (summer) than sheep dipped in May (early winter) (Rammell and 
Bentley, 1989). Similarly, half-lives have been shown to vary depending on where on the sheep the 
wool is grown. Rammell and Bentley (1989) reported that half-lives were reduced by approximately 
18-28% for wool grown on the back of a sheep compared with wool grown on the sides. In another 
study, residues were shown to be approximately 1.6 times greater for wool samples taken from the 
shoulder compared with those from the crutch, with low levels in the crutch area reflecting uneven 
application of the organophosphate in a shower dip, rather than real differences in half-lives 
(Rammell et ai., 1988). Another significant reason is that a scourment usually consists of wool from 
a number of different farms (up to 20) in order to make up a combined lot of sufficient size for a 
buyer. Consequently a safety factor may be applied to the five month period. 
If we assume that one third of farmers would use cyromazine (Appendix 1) then the maximum 
concentration of cyromazine on an individual farmer's lot, based on maintaining 2400 Jlg/l in 
flowdown from scouring, may be increased to 30 mglkg. This would suggest a withholding period of 
approximately 110 days (about 16 weeks). If these farmers were all to use a jetting wand then the 
withholding period would reduce to 14 weeks. Such a withholding period may, based on the 
assumptions above, completely protect the aquatic environment. However, it should be noted that 
cyromazine is claimed by the manufacturers to provide only 12-16 weeks protection against fly-
strike. A withholding period as long as 16 weeks could result in some periods when the sheep are 
unprotected. 
Given the uncertainty of how flowdown from scouring might reach the aquatic environment, and 
what its cyromazine content would be, a more reasonable application of the withholding period 
would be to ensure rinse water discharges meet the proposed EQS. As indicated above, a 
concentration of 50 mglkg of cyromazine on greasy wool could be tolerated in most cases without 
damage to the aquatic environment. This concentration could be increased to 150 mglkg for other 
than lambswool, given that only a third of farmers might use cyromazine. This would result in an 
eight week withholding period for plunge or shower dipped ewes and a four week withholding 
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period for jetted ewes. For lambswool, assuming 50% of farmers use cyromazine (Appendix 1), 
these values would be ten weeks and seven weeks, respectively, based on a maximum acceptable 
residue level of 100 mglkg. These values are in reasonable agreement with Wools of New Zealand's 
present campaign for farmers to adopt a 60 day voluntary withholding period for all wool that has 
been dipped, regardless of the compound used (New Zealand Farmer, January 11, 1995). 
6.5 Determination of an EQS for diflubenzuron 
Diflubenzuron has been shown to be at least one order of magnitude more toxic than cyromazine. A 
100% mortality was recorded in chronic bioassays at 10 ~gli (Table 5.9). In the absence of any other 
significant results, a safety factor of 0.01 times would have to be applied to this value, resulting in a 
tentative EQS of 0.1 ~gl1. Fischer and Hall (1992) reported that diflubenzuron was 25 000 times 
more toxic to aquatic invertebrates than to fish. Chronic (30-day) LC99.99 results for some 
plecopteran (stonefly) and ephemeropteran (mayfly) species were as low as 1 ~gll, and a 30-day 
LC50 of 0.1 ~gli was reported for one trichopteran (caddisfly); results similar to those obtained in 
this study for C. zealandicus. Significant chronic toxicity was also reported by fischer and Hall 
(1992) for some marine invertebrates, a mysid shrimp being the most sensitive with an LOEC of 
0.075 ~gll. These results would suggest that an EQS value be set at approximately 0.01 ~gl1. 
6.6 Withholding periods for diflubenzuron dipped sheep prior to shearing 
Unlike cyromazine, diflubenzuron is lipophilic so is likely to be removed from woolscouring waste 
waters with associated woolgrease, as has been indicated for other lipophilic compounds (Rankin et 
aI., 1992). Approximately 30-40% of the woolgrease removed from the wool is recovered from the 
scouring waste waters using centrifuges; this will also recover 30-40% of the lipophilic pesticides. 
However, due to the much greater toxicity of diflubenzuron, and other lipophilic compounds, the use 
of withholding periods is not going to realistically achieve low enough pesticide residue levels on the 
wool to protect the aquatic environment. Even in the case of rinse waters, assuming similar 
partitioning within the woolscour to that observed for cyromazine, wool would be required to 
possess residues of diflubenzuron of 0.5 mglkg or less. However, assuming no other compounding 
toxic effects (synergism), this level could be increased to 20.0 mglkg for an individual farm lot, given 
that only about 2.5% of farms are currently using this product. Obviously, as usage increased this 
value would need to be reduced. 
Diflubenzuron is used at similar application rates to cyromazine, ie, approximately 1000 mglkg initial 
concentration, which would require a withhOlding period of 18 weeks (given a similar loss rate from 
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the fleece). Again, this period would need to be increased as usage of the product increased, and is 
clearly not compatible with current on-farm practices. In these cases, the only alternative may be for 
woolscours to invest in greater effluent treatment targeted specifically at removing pesticides. 
6.7 Recommendations 
Based on the above summary the following recommendations can be made. 
1. An EQS for cyromazine be set at 1.0 Ilg/l. 
2. The maximum permissible rinse water discharge (or combined effluent) concentration (after any 
effluent treatment) be set at 50 Ilg/l, where discharge is to surface freshwater. A greater 
concentration may be permissible if adequate dilution is available under all conditions of receiving 
water flow (ie, low flow conditions). 
3. The withholding period between dipping and shearing be set at a minimum of seven weeks. This 
protects against both ewes and lambs that have been treated using a Vetrazin® jetting wand; most 
lambs are likely to be treated in this manner. Alternatively, different withholding periods could be 
set for different treatment methods, although this adds extra complexity. 
4. The EQS value for diflubenzuron be tentatively set at 0.01 Ilg/l. 
5. The withholding period between dipping and shearing for diflubenzuron be set at 18 weeks, with a 
need to review this in light of its future market share. 
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7. Summary and future work 
This chapter specifically addresses the aims of the initial research as laid down in chapter 1. A 
summary of each aim is provided in the same order as listed on pages 2 and 3, and a final section 
indicates areas of possible future research. 
7.1 Summary 
7.1.1 Analysis of cyromazine 
An analytical technique for the clean-up and quantification of cyromazine in wool scour effluents and 
on greasy and scoured wool has been developed. This technique could be applied to the analysis of 
cyromazine in other sample matrixes and the clean-up method could be applied to other forms of 
quantification, eg, HPLC. 
7.1.2 Fate of cyromazine in a woolscour 
The fate of cyromazine during woolscouring has been clearly established. However, at this stage 
little is known of the fate of this compound in effluent treatment or its fate in surface (land) applied 
wastes in the form of sheep dip residues or woolscour waste waters. 
7.1.3 Rearing and bioassay procedures for Chironomus zealandicus 
Rearing procedures have been established for C.zealandicus which has allowed both chronic and 
whole-of-life bioassays to be conducted with success. Acute (96 h) bioassays were also able to be 
performed on larvae reared from field collected egg masses. However, apparent cannibalism of 
larvae within acute toxicity test pottIes reduced the suitability of C. zealandicus for acute bioassay 
testing. 
Results for acute and chronic (including whole-of-life) bioassays for cyromazine demonstrated a 
significant difference (greater than five orders of magnitude) between estimated acute and chronic 
LC50 or NOEC. These results would suggest that short-term acute bioassays are not suitable for 
assessing the potential environmental threats posed by this compound. Results consistent with the 
findings of Awad and Mulla (1984a), Nelson et al. (1986) and Saleh and Wright (1989) for 
cyromazine and the results obtained in this study, and by Fischer and Hall (1992), for diflubenzuron. 
The acute toxicity of cyromazine to Deleatidium sp. has been established. Toxicity was similar to 
that observed for C. zealandicus. However, the apparent mode of action differed in that, 
Deleatidium sp. nymphs appeared to 'suffocate' due to the build-up of mucous secretions around 
their gills rather than due to a direct effect on chitin synthesis. Chronic or whole-of-life toxicity of 
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cyromazine to Deleatidium sp. was not established. This may require attention in the future in order 
to strengthen claims for the proposed EQS. 
7.1.4 Toxicity testing of diflubenzuron 
Bioassays were conducted with diflubenzuron (Zenith~ and results compared favourably with those 
obtained for cyromazine. Diflubenzuron was at least one order of magnitude more toxic than 
cyromazine during both acute and chronic bioassay testing. Full determination of a NOEC during 
chronic exposure tests was not performed, this will require investigation in the future in order to help 
firmly establish an EQS for this compound. 
7.1.5 On-farm use and recommendations 
An survey was conducted of on-farm use of cyromazine which determined the importance of 
cyromazine as a fly-strike control agent as well as determining use patterns for other compounds and 
times for shearing and dipping. The results from this survey were able to be combined with both data 
on the fate of cyromazine during woolscouring and its aquatic toxicity in order to establish 
recommendations for the New Zealand wool industry on acceptable residue levels and withholding 
periods. 
7.2 Future work 
The results of this study, summarised above, have highlighted several areas that require further 
research. Many of these relate specifically to cyromazine and its fate in the environment or its toxic 
action. These areas may be summarised as follows. 
• As a large amount of residual sheep dip is potentially disposed of to land, and it has been 
suggested that cyromazine is relatively mobile in some soils, the potential for this compound to 
leach and contaminate local groundwaters should be investigated. (research planned at WRONZ 
will address this issue). 
• The fate of cyromazine in effluent treatment processes is unknown; although limited work has 
shown that it may be removed (but not degraded) in an anaerobic digestor. Without adequate 
knowledge in this area, it will be difficult to apply discharge consent limits that are guaranteed to 
ensure compliance with EQS values. Work is currently underway to address part of this issue. 
• To date, toxicity testing has concentrated on the testing of the active ingredient or formulation 
only. To obtain a true perspective, toxicity testing of 'real' effluents containing cyromazine should 
be conducted. However, the difficulty in using real effluents, particularly from a woolscour, is the 
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presence of other toxic components that can make interpretation of results difficult. In these 
situations modem TIE techniques will need to be employed. 
• There are still unresolved questions concerning the mode of action of cyromazine. It is unclear as 
to whether cyromazine directly inhibits chitin synthesis or, as is more likely, has an indirect effect 
on hormonal control. In addition, the possibility of some ovicidal activity could be invetsigated. 
• Volume-biomass-concentration relationships should also be investigated as indicated in the 
vulnerable life stage experiments conducted as part of this study. 
• The observation concerning the possible influence of light intensity on emergence patterns of C. 
zealandicus is another area that could provide challenging research. 
• Urgent research is required on alternative on-farm control strategies for fly-strike. AgResearch is 
working on integrated pest management (IPM) strategies, and encouragement needs to be given 
to their adoption. Alternative chemical treatments are clearly also necessary, with due 
consideration given to environmental fate and aquatic toxicity. Intra-ruminal placement of 
cyromazine has been the subject of preliminary study and further work should be carried out in 
this area. Work is also underway on the use of Bacillus thuringiensis, but little progress has been 
made to date. 
It is not suggested that this is an exhaustive list of future research opportunities derived from this 
study but possibly represents most of the major areas of concern. 
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10. Appendix 1 
10.1 The use of ectoparasiticides on sheep in New Zealand: 
results from an on-farm survey. 
This chapter has previously been produced, in a slightly modified form, as WRONZ Confidential 
Report No. CPR 93/024, August 1993 (Robinson, 1993). 
10.2 Introduction 
A survey was conducted to assess whether on-farm dipping practices could result in wool being 
shorn which contained high residual pesticide levels. Information regarding shearing and dipping 
times, as well as chemical use, and disposal and safety was also sought. The survey also set out to 
obtain information on the relative importance of individual active ingredients used in ectoparasiticide 
formulations, with particular reference to cyromazine. 
10.3 Methods 
A survey form was drafted and given to a New Zealand Wool Board Wool Production Officer 
(WPO) who showed it to six farmers to assess its clarity and relevance. After minor alterations, the 
final survey form was sent, with reply paid envelopes, to the Meat and Wool Boards' Economic 
Service who distributed them to 540 farms contained in one of their survey databases. In addition 10 
forms were sent to each of the nine WPOs throughout the country for completion by additional 
farms during their normal visits. 
The survey form, a copy of which is included as Appendix 2, was divided into two sub-sections: 
a. General farm information; and 
b. Control of external parasites. 
General farm information included questions on the locality, size and nature of the farm, as well as 
land-use, rainfall, flock size and details of shearing practices. In the second part of the form, farmers 
were asked whether they monitored for the presence of pest species. Also, when, with what and how 
they treated to prevent fly, lice and ked infestations. Details relating to safety equipment and 
procedures and how excess or used dip solution and empty containers were disposed of was also 
requested. 
Survey forms did not request the name of the individual answering the questionnaire in the hope that 
anonymity would encourage participation. 
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10.4 Results and discussion 
Of the 630 fonns distributed, 313 were completed and returned and no follow-up or prompt was 
sent out to maximise this figure. Of the fonns returned, 60% came from the North Island and 40% 
from the South Island. Individual areas were represented as indicated in Table 10.1. 
Table 10.1 Regional distribution of survey respondents. 
Region No. of respondents Region No. of respondents 
North Island ManawatuIW anganui 28 
Northland 12 Wellington 1 
Auckland 2 Wairarapa 21 
ThameslCoromandel 1 South Island 
Waikato 10 Nelson/Marlborough 8 
King Country 30 North Canterbury 28 
Bay of Plenty 11 Canterbury 39 
Gisborne 16 Central Otago 16 
Hawke's Bay 46 Otago 9 
Taranaki 9 Southland 26 
Given the known distribution of the sheep farming industry in New Zealand, the number of 
respondents from each area was what could be expected, although no responses were received from 
the West Coast of the South Island. 
10.4.1 General farm information 
There are some fundamental differences between North and South Island farms that may have a 
direct bearing on the relative importance of each external parasite group. Table 10.2 summarises data 
obtained on fann size and terrain, amount of local bush, rainfall and flock size. In general, South 
Island farms are larger, drier, have less bush and often have larger flocks, but with similar stocking 
rates, compared with North Island farms. However, in Southland, farms are smaller and as wet as 
their North Island counterparts and have very high stocking rates, while farms in Hawke's Bay and 
Gisborne are generally drier than other North Island farms. 
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Table 10.2 General farm information. 
Region Size (ha) Terrain Bush cover Rainfall Flock size 
(%) (mm/yr) 
Northland 200 - 400 lowland rolling hiII - 10 - 20 1000 - 2000 500 - 2000 
hill country 
Auckland, Waikato, 200 - 400 lowland rolling hill - 10 - 20 1000 - 2000 1000 - 3000 
Thames/Coromandel hill country some >40 
King Country 200 - 600 lowland rolling hill - 20 - 30 I 000 - 4000 2000 - 4000 
hill country 
Bay of Plenty <400 lowland rolling hill - 20 - 30 1000 - 2000 1000 - 4000 
hill country some >40 
Gisbome 400 - 1000 bill country <10 500 - 2000 2000 - 4000+ 
Hawke's Bay 200 - 600 lowland rolling bill - <10 or >40 500 - 2000 2000 - 4000+ 
bill country 
ManawatulWanganui 200 - 600 lowland rolling hill - <10 1000 - 2000 2000 -4000 
Taranaki, Wellington bill country 
Wairarapa 400 - 600 bill country <10 1000 - 2000 2000 - 4000 
North Island· average 200·600 lowland roIling hill 10·20 1000·2000 2000 ·4000 
• hill country 
Nelson! Marlborough 1000·2000 hill ·high country 10·20 500·2000 >4000 
North Canterbury 400 ·600 flat plains or bill 10 - 20 500 - 1000 2000 - 4000+ 
country 
Canterbury 400 - 1 000 flat plains or nil 500 - 1500 2000 - 4000+ 
hilUbigb country 
Central Otago 600 - 2000 hill and high country nil <500 - 1000 2000 -4000+ 
Otago 200 - 600 lowland rolling hill - <10 500 - 2000 2000 - 4000+ 
bill country 
Southland <400 lowland rolling bill - nil 1000 - 2000 2000 -4000 
flat plains 
South Island· average 400 ·1000 flat plains! hill or <10 SOO ·1000 2000 ·4000+ 
high country. 
+ Indicates many farms with flocks of greater size. 
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Almost all fanns surveyed in the North Island were sheep and cattle fanns, whereas in the South 
Island 21 % were sheep only, 51 % were sheep and cattle and 25% were mixed sheep and cropping. 
However, there was some regional variation, for example, in Canterbury, 38% of farms were sheep 
and cattle, whereas in NelsonlMarlborough all were sheep and cattle. 
Average overall stocking rates appear similar for both islands. However, average stocking rates 
appear to be different for each region, although only rough estimates are possible. In the North 
Island, average overall stocking rates were about 6.8 sheep/ha, ranging from about 10 sheep/ha for 
the Bay of Plenty and the Manawatu/Wanganui to 5 sheep/ha for Northland and Waikato. In the 
South Island, average overall stocking rates were about 6.1 sheep/ha, ranging from about 10 
sheep/ha for Southland to 4 sheep/ha for NelsonlMarlborough. 
The higher rainfall and temperatures, together with the greater amount of bush adjacent to fanns in 
the North Island will all significantly raise the risk of fly-strike (Bishop, 1993). Even within the North 
Island, differences between regions of higher rainfall and greater bush cover (eg, King Country) and 
lower rainfall and little bush (eg, Hawke's Bay) were reflected in the number of treatments per year 
to control pest problems (see below). Cooler temperatures in the South Island favour lice and limit 
the spread of fly. Indeed, the cold winter of 1992 significantly in reduced fly-strike problems in the 
South Island (Bishop, 1993). 
10.4.2 Shearing practices 
Fanners were asked how often, and when, they sheared ewes, hoggets (yearling sheep, usually kept 
apart from the breeding ewes) and lambs. Results are summarised in figures 10.1, 10.2 and 10.3. 
Shearing times appeared to be specific to each age class of sheep concerned, with shearing of ewes 
and hoggets occurring in any month. While ewes were more likely to be shorn in November, 
December and March (35, 31 and 22%, respectively), hoggets were more likely to be shorn in 
September, October and March (32,48 and 19%, respectively). Approximately 42% of ewes were 
shorn more than once in a year (with a number of fanners employing an eight monthly shearing 
cycle), compared to 31 % of hoggets. Almost all lambs are shorn in December and January (40 and 
46%, respectively) before they are sent to the freezing works for slaughter. Of lambs retained as 
replacement stock, only about 16% were shorn a second time in the first year. 
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Fig. 10.1 Percentage of ewes shorn each month. 
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Fig. 10.2 Percentage of hoggets shorn each month. 
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Fig. 10.3 Percentage of lambs shorn each month. 
10.4.3 Dipping practices 
From Figs 6.4 and 6.5, fly appears to be the principal pest throughout the country, although lice 
appears to be more significant in the South Island. Even in Southland, a traditional lice-only area, 
42% of respondents indicated that they may treat for fly-strike at some time over the summer. Only 
4% of respondents in the North Island and 2% in the South Island carried out separate dipping 
treatments for keds or ticks, which implies that these pests are essentially being controlled by 
treatments for fly and/or lice. 
2% 
Fig. 10.4 Sheep ectoparasites targeted for control in the South Island. 
166 
Ay 
14% 
Lice 
3% 
Fly and Lice 
79% 
Fig. 10.5 Sheep ectoparasites targeted for control in the North Island. 
Within each Island there are some marked differences in the major pests in different regions. For 
example, in the NOlth Island 84% of farms in the King Country and 83% in Hawke's Bay treated for 
fly and lice, whereas 16 and 11%, respectively, treated for fly only. In the South Island, by 
comparison, 39% of farms in Southland and 69% in Canterbury treated for fly and lice, while 61 and 
16%, respectively, treated for lice only. In Canterbury, a further 11 % of farms treated for fly only. 
Most North Island respondents dipped from October through to April to control fly, with most 
activity occurring in December, January and February. In the South Island, dipping usually began one 
month later, in November, and ended one month earlier, in March, with December and January the 
principal months for dipping for the control of fly-strike. In both Islands, lambs were usually treated 
at docking and could receive regular, more frequent treatments over summer. Lice were controlled 
either by organophosphate-based combination dips for fly in the summer (January or February) or by 
separate treatments, usually pyrethroid-based pour-ons, in the winter (Mayor June). Winter 
treatment appeared more common in the South Island, probably because of the greater problem 
associated with lice in these regions. 
In terms of frequency of dipping, the wording of part 'a' of questions 11, 12 and 13 was, in 
retrospect, open to interpretation. Some respondents answered 'as required', where they did not 
treat at a set time but nevertheless would always treat at least once per year. Fortunately, any 
confusion was usually able to be clarified using information in part 'b' of these questions. 
In the North Island respondents apparently dipped their whole flock for fly-strike control on average 
1.4 times per year. This figure excludes different treatments at different times for different age 
groups (ie, where a farmer treated lambs in December and ewes in January, this was recorded as one 
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treatment). By comparison, South Island respondents treated for fly on average only 0.8 times per 
year. However, in both Islands. a significant number of farms treated for fly more than once per 
season (see Table lO.3). 
Table 10.3 Dipping frequency for the control of fly-strike. 
Treatment frequency Proportion of farms (%) 
Treat once only 
Treat once but may treat again 
Treat twice 
Treat twice but may treat again 
Treat three or more times 
Treat only as required 
Never treat 
North Island 
20.1 
34.7 
IS.1 
S.6 
IS.6 
7.8 
1.1 
South Island 
17.1 
24.4 
13.8 
4.1 
0.8 
20.3 
19.5 
In the North Island 71.0% of respondents indicated they may treat for fly-strike more than once in a 
season, compared to only 43.1 % in the South Island. Conversely, in the South Island 39.8% of 
respondents did not treat or only treated occasionally for fly-strike, while in the North Island the 
corresponding figure was only 8.9%. However, it should be noted that as the majority of respondents 
did not monitor for pests (see below) it can be assumed that some farms in both Islands that treat 
every year, may in fact not have to, but do so as a matter of course. 
Farms in different regions face different fly-strike pressure and thus are likely to require more or less 
treatments per year. Farms in the King Country treated for fly on average 1.9 times per year 
compared with 1.2 times per year in the Hawke's Bay. Likewise, most farms in the 
Nelson/Marlborough region treated twice (average 1.9 times per year) while farms in Southland, 
mostly either do not regularly treat, or treat only as required, giving an average of 0.1 times per year. 
Unlike fly treatments, those for lice were less variable, with farms in the North Island treating once 
per year and those in the South Island 1.1 times. Approximately SO% of respondents said they 
combined one treatment for lice with a treatment for fly over the summer. However, as all fly-strike 
control product, other than Vetrazin®, will also control lice, true treatment levels may be up to SO% 
higher. 
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Almost all fanns reported treating for lice: only 4.4% in the North Island and 0.8% in the South 
Island never treated for lice but, as suggested above, it is almost certain that lice would have been 
controlled by treatments for other ectoparasites. In the South Island, 1.6% of respondents said they 
treated for lice once in a season but may have to treat again. In addition, 12.2% indicated that they 
routinely treated twice in a year. In the North Island, comparable figures were 2.2% and 7.8%, 
respectively, with a further 0.6% indicating that they treated for lice three or more times per year. 
Because of the different shearing times for different age groups, shearing will often be done prior to 
dipping, increasing the likelihood of shearing 'dippy' wool. Approximately 33% of respondents in 
the North Island and 6% in the South Island reported dipping some of their flock less than a month 
before shearing. 
Results from the survey (questions 11, 12 and 13, part 'b', and question 9) suggested that 13% of 
ewe, 4% of hogget and 19% of lambswool has the potential to contain high pesticide residues. 
These results agree well with the findings of Rankin et al. (1992). Ewes shorn in December and 
March, and hoggets in March, probably contribute most of the contaminated wool from these age 
groups. These months, which coincide with a period of the fly-strike season, are also months when a 
large number of these animals are shorn (see Figs. 6.1 and 6.2). However, it is possible that wool 
from sheep shorn at any time over the fly-strike season will have a higher risk of excessive 
contamination unless sound on-fann management practices are followed. These should include 
dipping off-shears (ie, after the sheep have been shorn). Conversely, if sheep become fly struck 
shortly before shearing they should be separated from the mob, and treated individually. 
From Fig. 10.3, it can be seen that over 85% of all lambs are shorn in December and January, at the 
height of the fly-strike season. The survey showed that many farms treated lambs regularly for fly-
strike control (ie, monthly) from docking in October or November through to the end of March or 
April. The reason for this high degree of treatment is unclear but could be associated with a higher 
price for lambswool, a need to protect pelt quality and a lower tolerance in lambs to attack by 
external parasites. Thus, while it may be easy to alter dipping times for ewes and hoggets, it is likely 
to be more difficult with lambs, especially where there is early season fly-strike pressure. One 
possible solution is to use an 'environmentally friendly' sheep dip on lambs, which may be the reason 
for the high use of Vetrazin® reported on lambs (see below). 
Survey results indicate that most fanners treat animals regardless of whether a need to do so has 
been established or not Of those surveyed, 81 % indicated that they did not carry out any form of 
pest monitoring and only 1.6% monitored for fly, using fly traps developed by the Ministry of 
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Agriculture and Fisheries. Application of pesticides appeared to be poorly controlled. For example, 
many respondents reported using a gorse gun or similarly crude devices which could result in poor 
uniformity of treatment, both on an individual animal and within a mob. 
Of the nine major active ingredients used by the respondents for fly-strike control (ie, used by at least 
1 % of the farms surveyed), only cyromazine (Vetrazin~ is designed specifically for fly-strike control, 
Fig. 10.6. While organophosphate-based compounds dominated (six of the nine actives identified) 
the IGR cyromazine was used by 28.9% of respondents. Although only fully registered for use in the 
year prior to the survey, another IGR, diflubenzuron, was used by 2.4% of respondents. Lice, keds 
and ticks were controlled by 10 major active ingredients (Fig. 10.7), but many of these could also be 
used for fly-strike control (Fig. 10.6). Lice control was generally achieved through the use of dips 
incorporating organophosphates, which also control fly, or pour-ons containing pyrethroid 
compounds, which have little effect against fly-strike. The pyrethroids cyperrnethrin and deltamethrin 
were used by 23.3 and 15.4% of respondents, respectively. Again, diflubenzuron was used by a small 
but significant number of farms surveyed. 
Coumapbos 
10.3% 
Cypermetbrin 
8.2% 
Cyromazine 
28.9% 
Others 
4.2% 
Dichlorfenvinphos 
10.3% 
Dicblofenthion 
3.3% 
Propetamphos 
10.0% 
Cblopyripbos 
6.1% 
Diflubenzuron 
Diazinon 
18.3% 
2.4% 
Fig. 10.6 Active ingredients in pesticide formulations used by respondents to control fly-strike. 
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Others 
Cyhalothrin 2.6% 
4.6% 
Dichlorfenvinphos 
7.3% 
Coumaphos 
10.7% 
Cypermethrin 
23.3% 
De I tame thri n 
15.4% 
Propetamphos 
11.6% 
Chlopyriphos 
4.5% 
Ditlubenzuron 
1.6% 
Diazinon 
12.7% 
Dichlofenthion 
4.9% 
Fig. 10.7 Active ingredients in pesticide formulations used by respondents to control lice. 
Dips, in general, still appeared to have good field efficacy, with only 8.7% of respondents, all in the 
North Island, reporting the need to dip the same mob in successive months, although some farms 
may treat five or six times in a season. It was not clear from the survey whether protection periods 
were significantly below the eight weeks reported for organophosphate-based dips and the 12 or 16 
weeks for dips like cyromazine and diflubenzuron. However, the need for multiple dipping, especially 
in the North Island, may highlight this as an area requiring closer scrutiny. One farmer certainly had a 
clear opinion of the currently available treatments (even if it was slightly misinformed): "OP-type 
dips are the best of a bad lot. Oh!! for a dip like dieldrin! It's only political that we don 't use it...". 
10.4.4 Health and safety 
Very few farmers reported using safety equipment when applying pesticides (Table 10.4), and even 
those that did often used gloves only while mixing In addition, 6.4% of respondents said that they ate 
or smoked while dipping. These figures are of concern, as all product suppliers' and label 
instructions clearly state that protective equipment should be used and that people should wash 
thoroughly before eating, drinking or smoking. Some respondents suggested that it was often too hot 
to wear protective clothing. However, this should not be an excuse, as lightweight, disposable 
'paper' overalls are available which are comfortable to wear and provide protection from chemicals. 
It will be interesting to see whether recently introduced occupational safety legislation will have any 
influence on this attitude in the future. 
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Table 10.4 Use of safety equipment while dipping. 
Equipment used 
None 
Gloves 
Overalls/leggings 
Mask/goggles 
% of respondents 
50.5 
36.9 
36.5 
8.5 
With such a low use of protecti ve equipment it is not surprising that 17.2% of respondents reported 
suffering symptoms of pesticide poisoning at some time as a result of dipping sheep. Fortunately, 
these symptoms were minor, ranging from skin irritation to dizziness or headaches, but they should 
not be dismissed lightly. These symptoms are consistent with poisonings attributable to 
organophosphate- and pyrethroid-based products. Indeed, such effects have resulted in calls for 
organophosphates to be banned in the UK because of adverse health effects (Prestage, 1991; Anon, 
1993) and pyrethroid-based pour-ons have recently come under scrutiny in Australia (Russell, 1993). 
Some farmers were obviously aware of the potential problems that may occur when using pesticides. 
One farmer wrote noting the potential for cumulative poisoning that is possible with 
organophosphates. This same farmer quite rightly pointed out that it is difficult to determine clearly if 
symptoms are due to chemical dipping or other factors. Certainly, many symptoms associated with 
pesticide poisoning can be similar to those of the flu, and would be compounded by the hot and 
dusty conditions under which dipping is often carried out. Two farmers said they used Vetrazin® for 
safety reasons. Certainly the newer compounds are intrinsically safer (to humans) than older 
products, but again this should not be a reason for complacency. 
Unfortunately, though, many respondents were simply not aware of the potential for these 
compounds to do harm. Others gave the impression that they considered it a 'greenie' over-reaction. 
Nevertheless, some of the answers to the questions on health-related issues (questions 20 and 21) 
provide interesting reading: 
Question 20. Have you (or any of your farm workers) experienced nausea, dizziness, blurred 
vision, or skin irritation when dipping ... 
- "No, same symptoms occur when I see my bank statement though!". 
- "After a hot days dipping and a few too many beers I sometimes experience dizziness, slurred 
speech and blurred vision" (and to question 21 - "my dogs don't drink beer") sic. 
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- "Yes. Many of us react badly to any chemicals used on the farm and I feel this is an area 
grossly underrated by many in the industry". 
- "No, but if this could happen to me, what happens to the stock. What are the long term residue 
implications" sic. 
Most farmers reported storing some chemicals at some time; however, most said they used locked 
sheds or cabinets kept out of the reach of children. Some farmers reported holding excess (made-up) 
dip solution until next time. This practice should be discouraged, because most diluted compounds 
are not stable, especially if contaminated with dirt, etc, as the solution would be after treating sheep. 
Most farmers also took more care of their dogs than themselves, keeping them well away from dip 
solutions. However, there were some cases where dogs were reported to have died as a result of 
drinking dip solution or where farmers also dipped their dogs. One farmer noted that his dogs 
continually had blistered paws, a symptom which can result where dogs run over the backs of 
recently treated sheep. 
10.4.5 Disposal of dip solutions and containers 
Most farmers disposed of spent dip solutions to land adjacent to their dipping yards. This practice 
presents a real risk of contaminating surface waters, with many dipping yards being very close to 
permanent water. Approximately 31% of respondents reported that their dipping yards were within 
100 m of permanent surface water and approximately 29% reported permanent surface water was 
within 100m of their disposal site. 
The disposal of empty dip containers may also be a source of pollution, especially if they are not 
rinsed carefully. As with excess dip solution, empty containers are often disposed of in, or near, 
surface water, presenting a threat to the environment; not in keeping with New Zealand's 'green' 
reputation offshore. One farmer noted: "there is no effort made by regional councils to collect any 
poisons' containers, more effort is required in this area, this includes weed and crop sprays" sic. 
Since this survey, a number of regional councils have instigated pesticide collection programmes. Re-
useable chemicals have been re-distributed but these councils are now faced with a need to dispose 
of some hazardous chemicals with no procedures in place do so. 
10.5 Conclusions 
Pesticide residues present areal threat, both to our processing industry and to the marketability of 
wool in a world market increasingly demanding clean, 'green' products containing no toxic residues. 
This survey has clearly indicated that there is a potential for conflict between existing dipping and 
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shearing practices, especially in the treatment of lambs for fly-strike protectio~. This conflict can, and 
does, result in the shearing, sale and processing of wools with high residual pesticide levels (Rankin 
et aI., 1992). There is, therefore, an urgent need to minimise the overall levels of pesticides used on 
New Zealand wools and seek the use of safer chemicals. Cyromazine and other IGRs may offer safer 
(in terms of mammalian toxicity) alternatives to traditional organophosphate- and pyrethroid-based 
compounds. However, it is imperative that the environmental safety, including toxicity and fate, of 
these compounds is fully investigated. 
The survey indicated that cyromazine holds the single largest share of the fly-strike control market. 
This is even more surprising as cyromazine is represented by only one volume product (Vetrazin~, 
whereas other actives, such as diazinon, can be represented by four or more products (fonnulations). 
Also from the results of the survey, it could be expected that cyromazine's share of the fly-strike 
control market in relation to lambswool would be greater than its 30% overall market share. Many 
farmers reported using Vetrazin® on lambs and a different product on their older sheep. This 
appeared to be associated with a belief that cyromazine was 'safer' than other products on lambs. If 
this indication is valid, and because of the apparent conflict between dipping and shearing times with 
lambs, it could result in cyromazine being present on an even greater proportion of wools that are 
shorn with high pesticide residue levels. 
To minimise the downstream and environmental consequences of sheep dipping, farmers need better 
information in order to be able to make better management decisions about when to treat, how to 
treat and with what to treat. Some of the low strength powders should be used for treating small 
numbers of animals within four to six weeks before shearing. Practising preventive measures, such as 
crutching and good wonn control, may help reduce the fly-strike problem and the necessity for 
pesticides. It is clear, though, that a more integrated pest management strategy is required. 
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11. Appendix 2 
11.1 Survey form 
SURVEY OF ON-FARM USE AND PRACTICES 
RELATING TO THE CONTROL OF EXTERNAL 
PARASITES ON SHEEP 
As individuals we are all acutely aware of the importance of the wool industry. This 
importance is reflected in both the size of the wool growing industry itself and in the size 
and value of associated industries such as wool scouring and processing, marketing and 
indeed support industries such as the agrochemical supply industry. As such we are all 
striving to maintain the long-tenn sustainnbility of this important economic sector. 
However, due to increasing pressures, both public and legislative, the wool industry like all 
others, is faced with the task of not only presenting a clean green image but also being able 
to support such an image. As such, it is imperative that good scientific data are collected 
in a careful and responsible manner which will allow all of us to tackle the issues of the 
future. One of these issues, rightly or wrongly, is the perceived problems associated with 
pesticide residues on manufactured goods. Therefore, this survey is being conducted by 
the Wool Research Organisation of New Zealand and the New Zealand Wool Board to 
establish usage and farm practices related to the control of external parasites (lice, keds and 
flies) on sheep within New Zealand. This infonnation will be used in conjunction with 
further research investigating the fate of residual sheep dip chemicals during wool scouring 
and their effects on the environment. In addition this information should help other 
research; (a) in assessing pesticide residues on scoured wool and wool products, and (b) 
identifying properties favourable to the proliferation of external parasites on sheep. 
All information will be handled in confidence and a summary of findings will be provided 
to all participants. Some questions are based on a numeric rating system while others 
require a short written answer or both. It is hoped that analysis of those questions where a 
numeric answer is required will lead to a better understanding of parasite distribution and 
occurrence of problems. 
N.B. Survey forms do not include the name of the individual answering the questionnaire 
in the hope that this will encourage thorough participation. 
A. GENERAL FARM INFORMATION 
Please indicate your preference in the box on the right hand side. 
1. Where is your property located? 
1. Northland 
2. Auckland 
3. Thames Valley/Coromandel 
4. Waikato 
5. King Country 
6. Bay of Plenty 
7. Gisborne 
8. Hawkes Bay 
9. Taranaki 
to. Manawatu!Wanganui 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
Wellington 
Wairarapa 
Nelson/Marlborough 
West Coast 
North Canterbury 
Mid and South Canterbury 
Central Otago 
Coastal/North Otago 
Southland 
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2. What is the effective size of your property? 
1. <200 ha 2. 200-400 ha 3. 400-600 ha 
4. 600-1000 ha 5. 1000-2000 ha 6. > 2000 ha 
3. What is the nature of your property? 
1. All sheep 2. Some sheep 3. Mixed 
and cattle (sheep and crop) 
4. What is the nature of your neighbouring properties? (you may use more than one 
category ie, 3 and 5) 
1. All sheep 
4. Mixed 
(sheep & crop) 
2. Some sheep 
and cattle 
5. Some urban 
3. Mainly cattle 
5. What category best describes your properties terrain? (ie the majority of your land) 
1. Flat plains 
4. Hill country 
2. Lowland 
roIling hills 
5. High country 
3. River flats 
(land prone to flooding) 
6. How much land on and immediately adjacent to your property is covered by bush? 
1. Nil 
4. 20-30% 
2. < 10% 
4. 30-40% 
7. What is your average yearly rainfall? 
1. <500 mm 
4. 2000-4000 mm 
2. 500-1000 mm 
5. > 4000 mm 
3. 10-20% 
6. >40% 
3. 1000-2000 mm 
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8. (a) What is the total size of your flock? (ewes and lambs over summer) 
1. < 500 
4. 2000-4000 
2. 500-1000 
5. > 4000 
(b) How many mobs do you run? (over summer) 
9. How often, and when, do you shear? 
Ewes 
Hoggets 
Lambs 
B. CONTROL OF EXTERNAL PARASITES 
3. 1000-2000 
10. Do you monitor for the presence of pest species, if so briefly list how (ie, fly traps 
etc) and for what pests? 
11. (a) When do you treat for fly-strike? 
1. Once per year 
4. As required 
2. Twice per year 
5. Never 
(b) When specifically do you treat (ewes, lambs, etc.)? 
3. More than twice per year 
(c) What chemical do you use, by what method (jet, dip, gun or shower) and at 
what concentration (dip strength)? 
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12. (a) When do you treat for lice? 
1. Once per year 2. Twice per year 3. More than twice per year 
4. As required 5. Never 
(b) When specifically do you treat (ewes, lambs, etc.)? 
(c) What chemical do you use, by what method (jet, dip, gun or shower) and at 
what concentration (dip strength)? 
13. (a) When do you treat for keds or other external parasites? 
1. Once per year 
4. As required 
2. Twice per year 
5. Never 
3. More than twice per year 
(b) When specifically do you treat (ewes, lambs, etc.)? 
(c) What chemical do you use, by what method (jet, dip, gun or shower) and at 
what concentration (dip strength)? 
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14. Do you combine treatments for more than one parasite, if so why (ie, convenience, 
presence of more than one parasite) and for treating what? 
15. (a) What safety precautions and/or safety equipment do you use when dipping? (ie, 
do you wear gloves and overalls etc.) 
(b) Do you smoke, eat or drink while dipping? 
16. How do you dispose of your excess dip solution? 
17. How do you dispose of your empty dip containers? 
18. Do you store pesticide, if so how? 
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19. (a) How close is the nearest permanent surface water (stream, pond etc) to your 
disposal site? 
(b) To your dipping site/yards? 
20. Have you (or any of your farm workers) experienced nausea, dizziness, blurred 
vision or skin irritation when dipping or when handling sheep or wool recently 
treated? If yes elaborate, ie, symptoms, situation, etc. 
21. Have you noted nausea in your working dogs or blistering of paws under the same 
conditions as above? 
Finally, thank you for your assistance. 
P W Robinson, Scientist, WRONZ 
L K Wiggins, Group Manager, Grower Services, NZWB 
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